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Attachment A

Threatened and Endangered Species Correspondence

• T.A. Sullivan, Entergy Nuclear Fitzpatrick, to David Stilwell, U.S. Fish and 
Wildlife Service, February 9, 2006.

• D.A. Stilwell, U.S. Fish and Wildlife Service, to T.A. Sullivan, Entergy 
Nuclear Fitzpatrick, May 19, 2006.

• T.A. Sullivan, Entergy Nuclear Fitzpatrick, to David VanLuven, New York 
Natural Heritage Program, February 9, 2006.

• Nicholas Conrad, New York Natural Heritage Program, to T.A. Sullivan, 
Entergy Nuclear Fitzpatrick, March 30, 2006. 
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Attachment B

Historical and Archaeological Properties Correspondence

•  T.A. Sullivan, Entergy Nuclear Fitzpatrick, to Bernadette Castro, New 
York State Office of Parks, Recreation and Historic Preservation, 
February 9, 2006.

• Nancy Herter, New York State Office of Parks, Recreation and Historic 
Preservation, to T.A. Sullivan, Entergy Nuclear Fitzpatrick, April 27, 2006.
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Attachment C

Clean Water Act Documentation

• SPDES Permit NY 002 0109

• SPDES Permit NY 002 0109 Fact Sheet

• BTA Determination Letter from Paul J. Kolakowski, New York State Department 
of Environmental Conservation to Dr. Dennis J. Dunning, New York Power 
Authority, dated March 1, 1996

• 401 Certification Letter from Terence P. Curran, New York State Department of 
Environmental Conservation to Mr. Asa George, Power Authority of the State of 
New York, dated June 1, 1973
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Coastal Management Program Consistency Determination
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Federal Consistency Certification for Federal Permit and License Applicants1

This is Entergy Nuclear Generation Company's (Entergy) certification to the U. S. Nuclear 
Regulatory Commission (NRC) that the renewal of the James A. Fitzpatrick Nuclear Power 
Station (JAFNPP) operating license would be consistent with enforceable policies of the federally 
approved state coastal zone management program.  The certification describes background 
requirements, the proposed action (i.e. license renewal), anticipated environmental impacts, New 
York State enforceable coastal resource protection policies, JAFNPP compliance status, and 
summary findings.

CONSISTENCY CERTIFICATION

Entergy certifies to the NRC that renewal of the JAFNPP operating license complies with the 
enforceable policies of New York's approved coastal zone management program and will be 
conducted in a manner consistent with such program.  Entergy expects JAFNPP operations 
during the license renewal term to be a continuation of current operations as described below, 
with no physical or operational station alterations that would change effects on New York's 
coastal zone.

NECESSARY DATA AND INFORMATION

Statutory Background

The Federal Coastal Zone Management Act (16 USC 1451 et seq.) imposes requirements on an 
applicant for a Federal license to conduct a review of any activity that could affect a state's 
coastal zone.  The Act requires an applicant to certify to the licensing agency that the proposed 
action would be consistent with the state's federally approved coastal zone management 
program.  The Act also requires the applicant to provide to the state a copy of the certification 
statement and requires the state, at the earliest practicable time, to notify the federal agency and 
the applicant whether the state concurs with, or objects to, the consistency certification.  See 16 
USC 1456(c)(3)(A).

The National Oceanic and Atmospheric Administration (NOAA) has promulgated implementing 
regulations that indicate the certification requirement is applicable to renewal of federal licenses 
for activities not previously reviewed by the state [15 CFR 930.51(b)(1)].  NOAA approved the 
New York coastal zone management program in 1982.  In New York, the approved program is 
the New York State Coastal Management Program (CMP), 19 NYCRR Parts 600-601 and 
Executive Law, Article 42.

CMP regulations require review of federal activities that are listed or that could reasonably be 
expected to affect the coastal zone (15 CFR 930.11).  NRC licensing is a listed activity and since 
JAFNPP is at a coastline that withdraws from and discharges to coastal waters, it could 
reasonably be expected to affect the coastal zone.  The State regulation requires certification of 
compliance with the CMP policies as identified in the State of New York Coastal Management 
Program and Final Environmental Impact Statement, Section 6, August 1982.   identifies the 
policies and the Entergy justification for certifying compliance.

1. This certification is patterned after the example certification included as Appendix E of Ref D-1.
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Proposed Action

Entergy is applying to the NRC for renewal of the JAFNPP license to operate for an additional 20 
years beyond the current expiration date of October 17, 2014.  Entergy expects JAFNPP 
operations during the license renewal term to be a continuation of current operations as 
described in the following paragraphs, with no physical or operational changes that would affect 
the New York coastal zone.  Entergy certifies that license renewal complies with the program 
policies of the New York approved coastal management program and will be conducted in a 
manner consistent with such policies.

Background Information

James A. FitzPatrick Nuclear Power Plant (JAFNPP) is located on a 702-acre site on the south 
shore of Lake Ontario, known as Nine Mile Point, in the Town of Scriba, Oswego County, New 
York.  The site is in a rural area approximately five miles northeast of Oswego, 36 miles north-
northwest of Syracuse, and 65 miles east of Rochester, New York.  Syracuse is the largest city 
within 50 miles of JAFNPP.  Constellation Nuclear's Nine Mile Point Nuclear Station is located 
immediately west of the site.  The location of JAFNPP is shown in Figures 2-1 and 2-2.

JAFNPP is a single-unit plant with a boiling water reactor and turbine generator licensed for an 
output of 2,536 megawatts-thermal (MWt), and an electric rating of approximately 881 
megawatts-electric (MWe). 

JAFNPP is equipped with a once-through heat dissipation system that withdraws cooling water 
from and discharges to Lake Ontario.  Three pumps in the intake structure provide a continuous 
supply (352,600 gallons per minute [gpm]) of condenser cooling water.  After moving through the 
condensers, cooling water is discharged into a 1,400-foot long discharge tunnel, with the 
discharge nozzles being located 5 to 6 feet above the lake bottom.  The design effluent flow rate 
to the discharge tunnel is 388,600 gpm.  The maximum allowable increase in water temperature 
across the condensers is 32.4°F.  Entergy holds a State Pollutant Discharge Elimination System 
(SPDES) Permit (NY 0020109) to regulate this activity and other plant/stormwater discharges.  In 
accordance with permit requirements, Entergy monitors effluent parameters from discharges and 
reports the results to the New York State Department of Environmental Conservation (NYSDEC).

JAFNPP has an onsite wastewater treatment plant that is regulated under SPDES Permit NY 
0020109.  Sanitary wastewater which has been processed in the wastewater treatment facility 
and does not contain radioactive materials is discharged in accordance with JAFNPP's SPDES 
permit.  

Entergy employs a permanent workforce of approximately 715 employees (including baseline 
permanent contractors) at JAFNPP.  The majority of the JAFNPP workforce (approximately 
95.5%) lives in Oswego and Onondaga Counties.  JAFNPP is on a 24-month refueling cycle.  
During refueling outages, site employment increases above the approximately 715 person 
permanent workforce by as many as 700 to 900 workers for temporary duty (30 to 40 days).

Environmental Impacts

The NRC has prepared a Generic Environmental Impact Statement (Reference D-2) on impacts 
that nuclear power plant license renewal could have on the environment and has codified its 
findings (10 CFR 51, Subpart A, Appendix B, Table B-1).  The codification identified 92 potential 
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environmental issues, 69 of which the NRC identified as having small impacts and termed 
"Category 1 issues."  The NRC defines "Small" as follows.

For the issue, environmental effects are not detectable or are so minor that they will neither 
destabilize nor noticeably alter any important attribute of the resource.  For the purpose of 
assessing radiological impacts, the Commission has concluded that those impacts that do not 
exceed permissible levels in the Commission's regulations are considered small as the term is 
used in this table (10 CFR 51, Subpart A, Appendix B, Table B 1).

The NRC based its assessment of license renewal impacts on its evaluations of impacts from 
current plant operations.  The NRC codification and the Generic Environmental Impact 
Statement discuss the following types of Category 1 environmental issues:

• Surface water quality, hydrology, and use
• Aquatic ecology
• Groundwater use and quality
• Terrestrial resources
• Air quality
• Land use
• Human health
• Postulated accidents
• Socioeconomics
• Uranium fuel cycle and waste management
• Decommissioning

In its decision making for plant-specific license renewal applications, absent new and significant 
information to the contrary, the NRC relies on its codified findings, as amplified by supporting 
information in the Generic Environmental Impact Statement, for assessment of environmental 
impacts from Category 1 issues [10 CFR 51.95(c)(4)].  For plants such as JAFNPP that are 
located in the coastal zone, many of these issues involve potential impacts to the coastal zone.  
Entergy has adopted by reference the NRC findings and Generic Environmental Impact 
Statement analyses for all 50 2 Category 1 issues applicable to JAFNPP.  

The NRC regulation identified 21 issues as "Category 2," for which license renewal applicants 
must submit additional site-specific information.3   Of these, 11 apply to JAFNPP,4 and like the 
Category 1 issues, could potentially involve impacts to the coastal zone.  The applicable issues 
and Entergy's impact conclusions are listed below.

2. The remaining 19 Category 1 issues do not apply to JAFNPP either because they are associ-
ated with design or operational features that JAFNPP does not have (e.g., cooling towers) or to 
a refurbishment activity that JAFNPP will not undertake.

3. 10 CFR 51, Subpart A, Appendix B, Table B-1 also identifies 2 issues as "NA" for which the 
NRC could not come to a conclusion regarding categorization.  Entergy believes that these 
issues, chronic effects of electromagnetic fields and environmental justice, do not affect 
"coastal zone" as that phrase is defined by the Coastal Zone Management Act [16 USC 
1453(1)].

4. The remaining 10 Category 2 issues do not apply to JAFNPP either because they are associ-
ated with design or operational features that JAFNPP does not have (e.g., cooling towers) or to 
a refurbishment activity that JAFNPP will not undertake.
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• Aquatic ecology

o Entrainment of fish and shellfish in early life stages – This issue addresses mortality 
of organisms small enough to pass through the plant's circulating cooling water 
system.  In August 2001, JAFNPP was issued a SPDES permit which concluded that 
the high frequency/high amplitude fish deterrent system installed at the offshore 
intake structure from April to October of each year is the best technology available 
(BTA) for reducing both entrainment and impingement impacts.  In addition to the 
BTA determination, JAFNPP also utilizes additional operational measures and 
technological design features to further minimize already small entrainment impacts.  
Entergy concludes that these impacts are small during current operations and there 
are no operational changes or plans which would affect this conclusion for the license 
renewal term.

o Impingement of fish and shellfish – This issue addresses mortality of organisms large 
enough to be caught by intake screens before passing through the plant's circulating 
cooling water system.  The permit and additional operational measures and 
technological design features discussed above also address impingement.  Entergy 
concludes that these impacts are small during current operations and there are no 
operational changes or plans which would affect this conclusion for the license 
renewal term.

o Heat shock – This issue addresses mortality of aquatic organisms by exposure to 
heated plant effluent.  JAFNPP has a CWA Section 316(a) variance which concluded 
that the thermal effluent from JAFNPP would not result in long-term impacts to the fish 
and wildlife populations of Lake Ontario and that more stringent limits on the heated 
effluent are not necessary to protect the aquatic environment.  Entergy concludes that 
these impacts are small during current operations and there are no operational 
changes or plans which would affect this conclusion for the license renewal term.

• Threatened or endangered species

This issue addresses effects that JAFNPP operations potentially could have on species 
that are listed under federal law as threatened or endangered.  In analyzing this issue, 
Entergy has also considered species that are listed under State of New York law ().  
Several other terrestrial species could potentially occur on the JAFNPP site, or along 
associated transmission corridors, although none have been observed.  Entergy's and 
NYPA's (owner and operator of the transmission lines) environmental protection 
programs have identified no adverse impacts to such species and Entergy's consultation 
with cognizant Federal and State agencies has identified no impacts of concern.  Entergy 
concludes that JAFNPP impacts to these species are small during current operations and 
there are no planned physical or operational changes to the plant that would affect this 
conclusion for the license renewal term.  

• Human health

Electromagnetic fields, acute effects (electric shock) – This issue addresses the potential 
for shock from induced currents, similar to static electricity effects, in the vicinity of 
transmission lines.  Because this strictly human-health issue does not directly or indirectly 
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affect natural resources of concern within the Coastal Zone Management Act definition of 
"coastal zone" [16 USC 1453(1)], Entergy concludes that the issue is not subject to the 
certification requirement.

• Socioeconomics

o Housing – This issue addresses impacts that JAFNPP could have on local housing 
availability, as it relates to the employees required to support license renewal.  
Presently in Oswego and Onondaga Counties, the vacancy rates have remained 
stable with the number of available units keeping pace with or exceeding the low 
population growth in the area.  In addition, as Entergy does not intend to add 
additional permanent employees to the JAFNPP workforce, Entergy has concluded 
that impacts during the JAFNPP license renewal term would be small.

o Public services; public utilities – This issue address impacts that JAFNPP could have 
on public water supply systems, as it relates to additional permanent workers added 
during the license renewal period.  As Entergy does not intend to add additional 
permanent employees to the JAFNPP workforce, Entergy has concluded that impacts 
during the JAFNPP license renewal term would be small.

o Offsite land use – This issue addresses impacts that local government spending of 
plant property tax dollars can have on land use patterns.  JAFNPP property taxes 
comprise approximately 9 percent of the Town of Scriba's revenue and Entergy 
expects this to remain generally unchanged during the license renewal term.  The 
NRC concluded, and Entergy concurs, that impacts to offsite land use would be small 
if tax payments are less than 10 percent of total revenue.  Entergy concludes that 
impacts during the JAFNPP license renewal term would be small.

o Public services; transportation – This issue addresses impacts that JAFNPP could 
have on local traffic patterns, as it relates to adding additional permanent workers 
during the license renewal period.  As Entergy does not intend to add additional 
employees to the permanent workforce for the license renewal term, this would result 
in a small impact.

o Historic and archaeological resources – This issue address impacts that license 
renewal activities could have on resources of historic or archaeological significance.  
Entergy is not aware of any adverse or detrimental impacts to any historical or 
archaeological resources from current operations and there are no plans to change 
the plant site physically or operationally during the license renewal period that would 
disturb these resources.  Entergy correspondence with the New York State Historic 
Preservation Officer identified no issues of concern.  Therefore, Entergy concludes 
that impacts during the JAFNPP license renewal term would be small.

o Severe accidents – Results from the Entergy severe accident mitigation alternatives 
(SAMA) analysis have not identified additional cost beneficial alternatives to further 
mitigate risk to public health and the economy in the area of the plant, including the 
coastal zone, due to potential severe accidents at JAFNPP.  The SAMAs, however, 
are unrelated to aging management issues that are the subject of the license renewal 
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analysis and, therefore are not related to this consistency certification for license 
renewal.

State Program

The New York State Coastal Management Program is administered by the New York State, 
Department of State, Division of Coastal Resources.  The Division maintains a website that 
describes the program in general terms (Reference D-3).  The New York State Coastal 
Management Program (Reference D-4) contains details about the state's coastal policies.   is the 
New York State Department of State, Coastal Management Program, Federal Consistency 
Assessment Program.  Table D-1 lists these policies and discusses for each item, the 
applicability to JAFNPP and, where applicable, the status of JAFNPP compliance. Tables  and  
identify licenses, permits, consultations and other approvals necessary for JAFNPP continued 
operation and license renewal, respectively.

Findings

1. The NRC has found that the environmental impacts of Category 1 issues are small.  
Entergy has adopted by reference NRC findings for Category 1 issues applicable to 
JAFNPP.

2. For Category 2 issues applicable to JAFNPP, Entergy has determined that the 
environmental impacts are small.

3. To the best of Entergy's knowledge, JAFNPP is in compliance with New York licensing 
and permitting requirements and is in compliance with its State-issued licenses and 
permits.

4. Entergy's license renewal and continued operation of JAFNPP would be consistent with 
the enforceable provisions of the New York Coastal Zone Management Program.

STATE NOTIFICATION

By this certification that JAFNPP license renewal is consistent with New York's coastal zone 
management program, the State of New York is notified that it has six months from receipt of this 
letter and accompanying information in which to concur with or object to Entergy's certification.  
However, pursuant to 15 CFR 930.62 if the State of New York has not issued a decision within 
three months following the commencement of state agency review, it shall notify the contacts 
listed below of the status of the matter and the basis for further delay.  The State's concurrence, 
objection, or notification of review status shall be sent to the following.

Lesley Fields
U.S. Nuclear Regulatory Commission
One White Flint North
11555 Rockville Pike
Rockville, MD  02085-2738

Peter Dietrich
Site Vice-President
Entergy Nuclear James A. Fitzpatrick
P.O. Box 110
Lycoming, NY 13093
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Table D-1
New York Coastal Management Program's

State Coastal Policies

The New York Coastal Management Program requires persons seeking approval for activities 
which may impact the Coastal Zone to demonstrate that the activity is consistent with all 
applicable policies (Located in the State of New York Coastal Management Program and Final 
Environmental Impact Statement, Section 6, August 1982, with changes made to incorporate 
routine program changes approved in 1983 and 2001).  Entergy is seeking renewal of the 
operating license for JAFNPP.  The following table details the New York Coastal Management 
policies and provides the Entergy demonstration that JAFNPP license renewal would be 
consistent with these policies.

POLICY JUSTIFICATION/ CONSISTENCY

DEVELOPMENT POLICIES

DEVELOPMENT POLICY 1: Restore, revitalize, and 
redevelop deteriorated and underutilized waterfront 
areas for commercial, industrial, cultural, 
recreational, and other compatible uses.

JAFNPP is a previously developed 
property.  This policy does not apply to 
JAFNPP.

DEVELOPMENT POLICY 2: Facilitate the siting of 
water dependent uses and facilities on or adjacent to 
coastal waters

JAFNPP is a previously developed 
property.  This policy does not apply to 
JAFNPP.

DEVELOPMENT POLICY 3: Further develop the 
state’s major ports of Albany, Buffalo, New York, 
Ogdensburg, and Oswego as centers of commerce 
and industry, and encourage the siting, in these port 
areas, including those under the jurisdiction of state 
public authorities, of land use and development 
which is essential to, or in support of, the waterborne 
transportation of cargo and people

JAFNPP is not located in a port area.  
This policy does not apply to JAFNPP.

DEVELOPMENT POLICY 4: Strengthen the 
economic base of smaller harbor areas by 
encouraging the development and enhancement of 
those traditional uses and activities which have 
provided such areas with their unique maritime 
identity

JAFNPP is a previously developed 
property.  This policy does not apply to 
JAFNPP.

DEVELOPMENT POLICY 5: Encourage the location 
of development in areas where public services and 
facilities essential to such development are 
adequate.

JAFNPP is a previously developed 
property.  This policy does not apply to 
JAFNPP.

DEVELOPMENT POLICY 6: Expedite permit 
procedures in order to facilitate the siting of 
development activities at suitable locations.

JAFNPP is a previously developed 
property.  This policy does not apply to 
JAFNPP.
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FISH AND WILDLIFE POLICIES

FISH AND WILDLIFE POLICY 7: Significant coastal 
fish and wildlife habitats will be protected, preserved, 
and where practical, restored so as to maintain their 
viability as habitats.

JAFNPP expects operations during 
the license renewal term to be a 
continuation of current operational 
practices.  There would be no 
additional effects on coastal fish and 
wildlife habitats as a result of JAFNPP 
license renewal.

FISH AND WILDLIFE POLICY 8: Protect fish and 
wildlife resources in the coastal area from the 
introduction of hazardous wastes and other 
pollutants which bio-accumulate in the food chain or 
which cause significant sublethal or lethal effects on 
those resources

Non-radiological effluent discharges 
from JAFNPP are regulated under its 
New York State SPDES Permit 
program.  Radiological effluent 
discharges are regulated by the NRC.  
JAFNPP is in compliance with its 
environmental permits, both state and 
federal and does not discharge 
hazardous wastes within the coastal 
zone.  All hazardous wastes are 
disposed of in accordance with all 
applicable state and federal 
regulations.

FISH AND WILDLIFE POLICY 9: Expand 
recreational use of fish and wildlife resources in 
coastal areas by increasing access to existing 
resources, supplementing existing stocks, and 
developing new resources.

Due to the heightened security 
environment, there is no public access 
to the immediate shorefront area in 
the JAFNPP vicinity.

FISH AND WILDLIFE POLICY 10: Further develop 
commercial finfish, shellfish, and crustacean 
resources in the coastal area by encouraging the 
construction of new, or improvement of existing on-
shore commercial fishing facilities, increasing 
marketing of the states seafood products, 
maintaining adequate stocks, and expanding 
aquaculture facilities

This policy is not applicable to 
JAFNPP.  JAFNPP is not a state 
agency or an aquaculture facility

FLOODING AND EROSION HAZARDS POLICIES

FLOODING AND EROSION HAZARDS POLICY 11: 
Buildings and other structures will be sited in the 
coastal area so as to minimize damage to property 
and the endangering of human lives caused by 
flooding and erosion.

This policy is not applicable to 
JAFNPP.  There are no plans to 
construct new buildings at the 
JAFNPP site.

POLICY JUSTIFICATION/ CONSISTENCY
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FLOODING AND EROSION HAZARDS POLICY 12: 
Activities or development in the coastal area will be 
undertaken so as to minimize damage to natural 
resources and property from flooding and erosion by 
protecting natural protective features including 
beaches, dunes, barrier islands, and bluffs.

This policy is not applicable to 
JAFNPP.  There are no plans for 
construction or additional 
development at the JAFNPP site 
during the license renewal term.

FLOODING AND EROSION HAZARDS POLICY 13: 
The construction or reconstruction of erosion 
protection structures shall be undertaken only if they 
have a reasonable probability of controlling erosion 
for at least thirty years as demonstrated in design 
and construction standards and/or assured 
maintenance or replacement programs.

This policy is not applicable to 
JAFNPP.  There are no plans for 
construction of erosion protection 
structures.

FLOODING AND EROSION HAZARDS POLICY 14: 
Activities and development, including the 
construction or reconstruction of erosion protection 
structures, shall be undertaken so that there will be 
no measurable increase in erosion or flooding at the 
site of such activities or development, or at other 
locations.

This policy is not applicable to 
JAFNPP.  There are no plans for 
construction of erosion protection 
structures or other structures at the 
JAFNPP site.

FLOODING AND EROSION HAZARDS POLICY 15: 
Mining, excavation or dredging in coastal waters shall 
not significantly interfere with the natural coastal 
processes which supply beach materials to land 
adjacent to such waters and shall be undertaken in a 
manner which will not cause an increase in erosion of 
such land.

This policy is not applicable to 
JAFNPP.  There are no plans for 
mining, excavation, or dredging in 
coastal waters by JAFNPP.

FLOODING AND EROSION HAZARDS POLICY 16: 
Public funds shall only be used for erosion protective 
structures where necessary to protect human life, 
and new development which requires a location 
within or adjacent to an erosion hazard area to be 
able to function, or existing development; and only 
where the public benefits outweigh the long term 
monetary and other costs including the potential for 
increasing erosion and adverse effects on natural 
protective features.

This policy does not apply to JAFNPP.  
JAFNPP is an existing facility and no 
new erosion structures are needed.

FLOODING AND EROSION HAZARDS POLICY 17: 
Non-structural measures to minimize damage to 
natural resources and property from flooding and 
erosion shall be used whenever possible.

JAFNPP is not at risk of being flooded.  
All appropriate erosion measures are 
taken when necessary.  Natural 
erosion is not an issue of concern for 
JAFNPP.

POLICY JUSTIFICATION/ CONSISTENCY
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GENERAL POLICY

GENERAL POLICY 18: To safeguard the vital 
economic, social, and environmental interests of the 
state and of its citizens, proposed major actions in 
the coastal area must give full consideration to those 
interests, and to the safeguards which the state has 
established to protect valuable coastal resource 
areas.

This policy is not applicable to 
JAFNPP.  JAFNPP is an existing 
facility for which no major 
refurbishment is planned during the 
license renewal term.

PUBLIC ACCESS POLICIES

PUBLIC ACCESS POLICY 19: Protect, maintain, and 
increase the level and types of access to water-
related recreation resources and facilities.

This policy is not applicable to 
JAFNPP.  JAFNPP is not a water 
recreation resource or facility.

PUBLIC ACCESS POLICY 20: Access to the 
publicly-owned foreshore and to lands immediately 
adjacent to the foreshore or the water’s edge that are 
publicly owned shall be provided and it shall be 
provided in a manner compatible with adjoining uses.

This policy is not applicable to 
JAFNPP.  Due to the heightened 
security environment, access is not 
allowed to the shorefront area 
immediately adjacent to JAFNPP.

RECREATION POLICIES

RECREATION POLICY 21: Water-dependent and 
water-enhanced recreation will be encouraged and 
facilitated, and will be given priority over non-water-
related uses along the coast.

This policy is not applicable to 
JAFNPP.  JAFNPP is not associated 
with water dependent or enhanced 
recreation.  Due to the heightened 
security environment, access is not 
allowed to the shorefront area 
immediately adjacent to JAFNPP.

RECREATION POLICY 22:  Development, when 
located adjacent to the shore, will provide for water-
related recreation, whenever such is compatible with 
reasonably anticipated demand for activities, and is 
compatible with the primary purpose of the 
development

This policy is not applicable to 
JAFNPP.  Due to the heightened 
security environment, access is not 
allowed to the shorefront area 
immediately adjacent to JAFNPP.

HISTORIC AND SCENIC RESOURCES POLICIES

HISTORIC AND SCENIC RESOURCES POLICY 23: 
Protect, enhance and restore structures, districts, 
areas or sites that are of significance in the history, 
architecture, archaeology or culture of the state, its 
communities, or the nation.

This policy is not applicable to 
JAFNPP.  There are no sites of 
historic significance on the JAFNPP 
property.

POLICY JUSTIFICATION/ CONSISTENCY
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HISTORIC AND SCENIC RESOURCES POLICY 24: 
Prevent impairment of scenic resources of statewide 
significance

This policy is not applicable to 
JAFNPP.  There are no identified 
scenic resources of statewide 
significance at JAFNPP

HISTORIC AND SCENIC RESOURCES POLICY 25: 
Protect, restore, or enhance natural and man-made 
resources which are not identified as being of 
statewide significance, but which contribute to the 
overall scenic quality of the coastal area.

This policy is not applicable to 
JAFNPP.  There are no identified 
scenic resources of significance at 
JAFNPP

AGRICULTURAL LANDS POLICY

AGRICULTURAL LANDS POLICY 26: Conserve and 
protect agricultural lands in the state’s coastal area

This policy is not applicable to 
JAFNPP.  There are no agricultural 
lands on JAFNPP property.

ENERGY AND ICE MANAGEMENT POLICIES

ENERGY AND ICE MANAGEMENT POLICY 27: 
Encourage energy conservation and the use of 
alternative sources such as solar and wind power in 
order to assist in meeting the energy needs of the 
State.

This policy is not applicable to 
JAFNPP.  JAFNPP is an existing 
operating nuclear power facility.

ENERGY AND ICE MANAGEMENT POLICY 28: Ice 
management practices shall not interfere with the 
production of hydroelectric power, damage significant 
fish and wildlife and their habitats, or increase 
shoreline erosion or flooding.

This policy is not applicable to 
JAFNPP.  The only ice management 
at JAFNPP which is conducted is for 
frazzle ice mitigation at the intake 
structure.

ENERGY AND ICE MANAGEMENT POLICY 29: 
Encourage the development of energy resources on 
the outer continental shelf, in Lake Erie and in other 
water bodies, and ensure the environmental safety of 
such activities.

This policy is not applicable to 
JAFNPP. JAFNPP is an existing 
power production facility.

WATER AND AIR RESOURCES POLICIES

WATER AND AIR RESOURCES POLICY 30: 
Municipal, industrial, and commercial discharge of 
pollutants, including but not limited to, toxic and 
hazardous substances, into coastal waters will 
conform to state and national water quality standards

All of JAFNPP’s effluent discharges 
are regulated by the SPDES Permit 
program (Permit NY 0020109).  
JAFNPP is in compliance with SPDES 
Permit requirements.

POLICY JUSTIFICATION/ CONSISTENCY
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WATER AND AIR RESOURCES POLICY 31: State 
coastal area policies and management objectives of 
approved local waterfront revitalization programs will 
be considered while reviewing coastal water 
classifications and while modifying water quality 
standards; however those waters already 
overburdened with contaminants will be recognized 
as being a development constraint.

This policy is not applicable to 
JAFNPP.  JAFNPP is not involved in a 
local waterfront revitalization program.

WATER AND AIR RESOURCES POLICY 32: 
Encourage the use of alternative or innovative 
sanitary waste systems in small communities where 
the costs of conventional facilities are unreasonably 
high, given the size of the existing tax base of these 
communities

This policy is not applicable to 
JAFNPP.  JAFNPP is an existing 
industrial use facility, not a community 
in the development stage.

WATER AND AIR RESOURCES POLICY 33: Best 
management practices will be used to ensure the 
control of stormwater runoff and combined sewer 
overflows draining into coastal waters.

JAFNPP stormwater runoff is 
managed as a condition of it’s SPDES 
Permit.  JAFNPP is in compliance with 
the SPDES Permit.

WATER AND AIR RESOURCES POLICY 34: 
Discharge of waste materials into coastal waters from 
vessels subject to state jurisdictions will be limited so 
as to protect significant fish and wildlife habitats, 
recreational areas and water supply areas.

This policy is not applicable to 
JAFNPP.  JAFNPP is not a vessel.

WATER AND AIR RESOURCES POLICY 35: 
Dredging and filling coastal waters and disposal of 
dredged material will be undertaken in a manner that 
meets existing state permit requirements, and 
protects significant fish and wildlife habitats, scenic 
resources, natural protective features, important 
agricultural lands and wetlands.

This policy is not applicable to 
JAFNPP.  There are no plans for 
dredging or filling of coastal waters by 
JAFNPP.

WATER AND AIR RESOURCES POLICY 36: 
Activities related to the shipment and storage of 
petroleum and other hazardous materials will be 
conducted in a manner that will prevent or at least 
minimize spills into coastal waters; all practicable 
efforts will be undertaken to expedite the cleanup of 
such discharges; and restitution for damages will be 
required when these spills occur.

JAFNPP has internal procedures and 
polices to ensure that all activities 
related to hazardous materials are 
conducted in the safest manner.  All 
policies and procedures are in 
compliance with state and federal 
regulations. 

WATER AND AIR RESOURCES POLICY 37: Best 
management practices will be utilized to minimize the 
non-point discharge of excess nutrients, organics 
and eroded soils into coastal waters

This policy is not applicable to 
JAFNPP as JAFNPP does not make 
such discharges.

POLICY JUSTIFICATION/ CONSISTENCY
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WATER AND AIR RESOURCES POLICY 38: The 
quality and quantity of surface water and 
groundwater supplies will be conserved and 
protected particularly where such waters constitute 
the primary or sole source of water supply.

This policy is not applicable to 
JAFNPP as the facility does not use 
groundwater for either potable or 
service water.  

WATER AND AIR RESOURCES POLICY 39: The 
transport, storage, treatment and disposal of solid 
wastes, particularly hazardous wastes, within coastal 
areas will be conducted in such a manner so as to 
protect groundwater and surface water supplies, 
significant fish and wildlife habitats, recreation areas, 
important agricultural land, and scenic resources.

JAFNPP has only temporary storage 
of hazardous waste onsite, which is 
regulated by applicable state and 
federal regulations, permits, and 
authorizations.  All activities which 
involve hazardous wastes are 
conducted in a manner to minimize 
impacts on and protect the 
environment, including water supplies.

WATER AND AIR RESOURCES POLICY 40: 
Effluent discharged from major steam electric 
generating and industrial facilities into coastal waters 
will not be unduly injurious to fish and wildlife and 
shall conform to state water quality standards.

Discharge of effluent by JAFNPP is 
regulated under a SPDES permit (NY-
0020109).  JAFNPP is in compliance 
with requirements of the SPDES 
Permit.

WATER AND AIR RESOURCES POLICY 41: Land 
use or development in the coastal area will not cause 
national or state air quality standards to be violated.

JAFNPP is in compliance with its air 
emissions permit.

WATER AND AIR RESOURCES POLICY 42: 
Coastal management policies will be considered if 
the state reclassifies land areas pursuant to the 
prevention of significant deterioration regulations of 
the federal Clean Air Act;

This policy is not applicable to 
JAFNPP.  The land where JAFNPP is 
situated has not been reclassified.

WATER AND AIR RESOURCES POLICY 43: Land 
use or development in the coastal areas must not 
cause the generation of significant amounts of acid 
rain precursors: nitrates and sulfates.

JAFNPP is a nuclear operating plant 
that is in compliance with its air 
emissions permit.

WETLANDS POLICY

Wetlands Policy 44: Preserve and protect tidal and 
freshwater wetlands and preserve the benefits 
derived from these areas.

This policy is not applicable to 
JAFNPP.  There are no tidal or 
freshwater wetlands at the JAFNPP 
site

POLICY JUSTIFICATION/ CONSISTENCY
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Table D-2
Endangered and Threatened Species that occur in Oswego County, NY

Scientific Name Common Name
Federal 
Statusa

State 
Statusb, c

Reptiles and Amphibians

Crotalus horridus timber rattlesnake - T

Ambystoma jeffersonianum Jefferson salamander - SC

Ambystoma laterale blue-spotted salamander - SC

Clemmys guttata spotted turtle - SC

Clemmys insculpta wood turtle - SC

Clemmys muhlenbergii bog turtle T E

Sisturus catenatus catenatus massasauga rattlesnake C E

Birds

Accipiter cooperli Cooper's hawk - SC

Accipiter striatus sharp-shinned hawk - SC

Ammodramus henslowli Henslow's sparrow - T

Ammodramus savannarum grasshopper sparrow - SC

Aquila chrysaetos golden eagle - E

Asio flammeus short-eared owl - E

Bartramia longicauda upland sandpiper - T

Buteo lineatus red-shouldered hawk - SC

Charadrius melodius piping plover E E

Chlidonias niger black tern - E

Chordeiles minor common nighthawk - SC

Circus cyaneus northern harrier - T

Cistothorus platensis sedge wren - T

Dendroica cerulea cerulean warbler - SC

Eremophila alpestris horned lark - SC

Falco peregrinus peregrine falcon - E

Gavia immer common loon - SC

Haliaeetus leucocephalus bald eagle E
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Ixobrychus exilis least bittern - T

Lanius ludovicianus loggerhead shrike - E

Melanerpes erythrocephalus red-headed woodpecker - SC

Pandion haliaetus osprey - SC

Podilymbus podiceps pied-billed grebe - T

Pooecetes gramineus vesper sparrow - SC

Sterna hirundo common tern - T

Vermivora chrysoptera golden-winged warbler - SC

Mammals

Myotis leibii small-footed bat - SC

Myotis sodalis Indiana bat E E

Fish

Acipenser fulvescens lake sturgeon - T

Cottus ricei spoonhead sculpin - E

Erimyzon sucetta lake chubsucker - T

Hideon tergisus mooneye - T

Lythrurus umbratilis redfish shiner - SC

Myoxocephalus thompsoni deepwater sculpin - E

Prosopium cylindraceum round whitefish - E

Plants

Asplenium scolopendrium var 
americanum

American Hart’s-tongue fern T

Eleocharis quadrangulata angled spikerush - E

Eleocharis obtuse var. ovata blunt spikerush - E

Isotria medeoloides small whorled begonia T

Lycopodium complanatum northern running pine - E

Polygonum setaceum var 
interjectum

swamp smartweed - E

Polystichum archostichoides Christmas fern - SC

Thelypteris noveboracensis New York fern - SC

Scientific Name Common Name
Federal 
Statusa

State 
Statusb, c
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Trillium flexipes nodding trillium - E

Trillium sessile toad-shade - E

Trillium spp trillium - SC

a. Reference D-4
b. Reference D-6
c. Reference D-5

Scientific Name Common Name
Federal 
Statusa

State 
Statusb, c
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Table D-3
Environmental Authorizations for Current JAFNPP Operations

Agency Authority Requirement Number Expiration Date Authorized Activity

DOT 49 CFR 107, 
Subpart G

Hazardous Materials
Certificate of Registration

060704551044
MN

June 30, 2006 Radioactive and 
hazardous materials 
shipments.

NRC Atomic Energy Act,
10 CFR 50

License to operate DPR-59 October 17, 2014 Operation of JAFNPP.

NYSDEC 6 NYCRR Part  201 Certificate to Operate an 
Air Contamination 
Source 

7-3556-0020/
00012

Not Applicable Operation of air 
emission sources 
(diesel generators, 
diesel fire pumps, and 
boilers).

NYSDEC 6 NYCRR Part 372 Hazardous Waste 
Generator Identification

NYD00076507
3

Not Applicable Hazardous waste 
generation

NYSDEC 6 NYCRR Part 675 Water Withdrawal 
Registration

NYGLWR-4004 November 20, 2006 Withdraw water from 
Lake Ontario.

NYSDEC 6 NYCRR Part 596 Hazardous Substance 
Bulk Storage 
Registration Certificate

7-000117 August 16, 2006 Onsite bulk storage of 
hazardous 
substances.

NYSDEC 6 NYCRR Part 750 State Pollutant 
Discharge Elimination 
System (SPDES) Permit

NY-0020109 August 1, 2006 Discharge of 
wastewaters to waters 
of the State.

NYSDEC 6 NYCRR Part 613 Petroleum Bulk Storage 
Registration Certificate

7-140600 November 20, 2010 Onsite bulk storage of 
petroleum products.
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NYSDEC 6 NYCRR Part 750 Hazardous Waste 
Interim Status 
Authorization

NY000765073 Not Applicable Accumulation and 
temporary storage 
onsite of mixed waste 
for >90 days.

NYSDEC 6 NYCRR Part 325 Pesticide Application 
Business Registration

79632 July 31, 2008 Pesticide application.

CVDEM Title 44, Code of 
Virginia,
Chapter 3.3, 
Section 44-146.30

Application for 
Registration to Transport 
Hazardous Radioactive 
Materials

EF-S0083107 August 31, 2007 Transportation of 
radioactive waste into 
the Commonwealth of 
Virginia

SCDHEC Act No.429 of 1980, 
South Carolina 
Radioactive Waste 
Transportation and 
Disposal Act

South Carolina 
Radioactive Waste 
Transport Permit

0031-31-06 December 31, 2006 Transportation of 
radioactive waste into 
the State of South 
Carolina

TDEC Tennessee 
Department of 
Environment and 
Conservation 
Regulations

Tennessee Radioactive 
Waste-License-for-
Delivery

T-NY003-L06 December 31, 2006 Shipment of 
radioactive material 
into Tennessee to a 
disposal/processing 
facility

Agency Authority Requirement Number Expiration Date Authorized Activity
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Table D-4
Environmental Authorizations for James A. Fitzpatrick Nuclear Power Station

License Renewal

Agency Authority Activity Covered

U.S. Fish and Wildlife 
Service

Endangered Species Act 
Section 7 (16 USC 1636)

Requires federal agency 
issuing a license to consult with 
USFWS.

New York Natural Heritage 
Program

Endangered Species Act 
Section 7 (16 USC 1636)

Requires federal agency 
issuing a license to consult with 
FWS.

New York State Office of 
Parks, Recreation and 
Historic Preservation

National Historic 
Preservation Act 
Section 106

Requires federal agency 
issuing a license to consider 
cultural impacts and consult 
with SHPO.

New York State 
Department of State

Federal Coastal Zone 
Management Act (16 USC 
1451 et seq.)

Requires an applicant to 
provide certification to the 
federal agency issuing the 
license that license renewal 
would be consistent with the 
federally-approved state 
coastal zone management 
program.  Based on its review 
of the proposed activity, the 
state must concur with or 
object to the applicant's 
certification.

New York State 
Department of 
Environmental 
Conservation

Clean Water Act, Section 
401 (33 USC 1341)

Requires New York 
certification that discharge 
would comply with CWA 
standards.
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Severe Accident Mitigation Alternatives Analysis

Attachment E contains the following sections:

E.1 – Evaluation of PSA Model

E.2 – Evaluation of SAMA Candidates
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E.1-1

E.1 EVALUATION OF PROBABILISTIC SAFETY ANALYSIS MODEL

The severe accident risk was estimated using the Probabilistic Safety Analysis (PSA) model and 
a Level 3 model developed using the MACCS2 code.  The CAFTA code was used to develop the 
James A. FitzPatrick Nuclear Power Plant (JAFNPP) PSA Level 1 and Level 2 models.  This 
section provides the description of JAFNPP PSA levels 1, 2, 3 analyses, Core Damage 
Frequency (CDF) uncertainty, Individual Plant Examination of External Events (IPEEE) analyses, 
and PSA model peer review.

E.1.1 PSA Model – Level 1 Analysis

The PSA model (Level 1 and Level 2) used for the SAMA analysis was the most recent internal 
events risk model for JAFNPP (Revision 2, October 2004) [Reference E.1-1].  This model is an 
updated version of the model used in the 1991 IPE and reflects the JAFNPP configuration and 
design as of December 2003.  It uses component failure and unavailability data as of December 
2002 and resolves all findings and observations from the industry peer review of the model 
conducted in December 1997.  The JAFNPP model adopts the small event tree/large fault tree 
approach and uses the CAFTA code for quantifying CDF.

The PSA model has been updated twice since the original IPE due to the following.

• Equipment performance – As data collection progresses, estimated failure rates and 
system unavailability data change.

• Plant configuration changes – Plant configuration changes are incorporated into the PSA 
model.

• Modeling changes – The PSA model is refined to incorporate the latest state of 
knowledge and recommendations from internal and industry peer reviews.

The PSA model contains the major initiators leading to core damage with baseline CDFs listed in 
Table E.1-1.

The JAFNPP Revision 2 PSA model was reviewed to identify those potential risk contributors 
that made a significant contribution to CDF.  CDF-based Risk Reduction Worth (RRW) rankings 
were reviewed down to 1.005.  Events below this point would influence the CDF by less than 
0.5% and are judged to be highly unlikely contributors for the identification of cost-beneficial 
enhancements.  These basic events, including component failures, operator actions, and 
initiating events, were reviewed to determine if additional SAMA actions may need to be 
considered.

Table E.1-2 provides a correlation between the Level 1 RRW risk significant events (component 
failures, operator actions, and initiating events) down to 1.005 identified from the JAFNPP PSA 
model and the SAMAs evaluated in Section E.2.
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Table E.1-1
JAFNPP PSA Model CDF Results by Major Initiators

Accident Type
Point Estimate Core Damage 

Frequency (/ry) 1

1. The combined master cutsets, which derive the point-estimate CDF, have been subsumed from the contri-
butions of these individual event categories, making the baseline CDF lower than the sum of the above 
sequence frequencies.

% Contribution to Point 
Estimate Core Damage 

Frequency

Station blackout 1.35 x 10-6 43

Transients with loss of 
containment heat removal 

1.03 x 10-6 33

Transients with loss of all ECCS 
injection 

2.92 x 10-7 9

ATWS 1.42 x 10-7 5

Loss of a 4.16kv AC safeguard 
bus 

1.24 x 10-7 4

Loss of both DC divisions 9.58 x 10-8 3

LOCAs 2.83 x 10-8 1

Loss of a division of DC power 2.61 x 10-8 1

Relay room flooding 2.50 x 10-8 1
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Table E.1-2
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition

IE-T1 3.50E-02 2.316 Loss of offsite 
power

This term represents the loss of offsite power initiating event.  
Industry efforts over the last twenty years have led to a significant 
reduction in plant scrams from all causes.  Improvements to 
enhance offsite power availability and coping with SBO events 
including burying T2 offsite power cable, cross-tying diesel fuel oil 
supply lines, cross-tying AC buses, and adding additional diesel 
generators  have already been implemented.  Phase II SAMAs 026, 
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

NR-LOSP-7HR 7.40E-02 1.796 Non-recovery of 
offsite power in 7 
hours 

This term represents operator failure to recover offsite power within 
7 hours.  Phase I SAMAs to improve SBO procedures and training 
to enhance the likelihood of success of operator action in response 
to accident conditions have already been implemented.  No Phase II 
SAMAs were recommended for this subject.

NVP-XHE-FO-LVENT 6.50E-03 1.213 Operator fails to 
initiate local  
containment vent

This term represents operator failure to recognize the need to vent 
the torus locally for pressure reduction during loss of containment 
heat removal accident sequences.  Phase I SAMAs to improve 
procedures and install instrumentation to enhance the likelihood of 
success of operator action in response to accident conditions have 
already been implemented.  Phase II SAMA 057, to control 
containment venting within a narrow pressure band to prevent rapid 
containment depressurization during venting, was evaluated. 
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EDG-ENG-FR-EDGAR 4.84E-02 1.127 EDG A fails to 
continue to run 

This term represents random failure of EDG A.  A Phase I SAMA to 
improve availability of the EDGs by cross-tying diesel fuel oil supply 
lines has already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

EDG-ENG-FR-EDGBR 4.84E-02 1.117 EDG B fails to 
continue to run

This term represents random failure of EDG B.  A Phase I SAMA to 
improve availability of the EDGs by cross-tying diesel fuel oil supply 
lines has already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

RSW-MAI-MA-LOOPB 3.23E-02 1.113 RHRSW loop B 
out for 
maintenance

This term represents RHRSW loop B unavailable due to 
maintenance, leading to loss of cooling to RHR heat exchanger B 
and loss of injection from RHRSW loop B.  Phase II SAMAs 058 and 
059, to improve RHRSW system availability by providing a cross-tie 
between RHRSW pump discharge trains and by providing a means 
to cool RHR heat exchanger B with fire water, were evaluated.

EDG-ENG-FR-EDGCR 4.84E-02 1.112 EDG C fails to 
continue to run

This term represents random failure of EDG C.  A Phase I SAMA to 
improve availability of the EDGs by cross-tying diesel fuel oil supply 
lines has already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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IE-T2 1.85E-01 1.111 Loss of PCS 
transients

This term represents an initiating event caused by a transient with 
PCS unavailable.  Industry efforts over the last twenty years have 
led to a significant reduction of plant scrams from all causes.  A 
Phase I SAMA to enhance reliability of SRVs and MSIVs by 
upgrading pneumatic components has been implemented.  Phase II 
SAMA 039, to further improve MSIV design and mitigate the 
consequences of this event, was evaluated.

IE-T3A 2.61E+00 1.098 Transients with 
condenser initially 
available

This term represents an initiating event caused by a transient with 
PCS available.  Industry efforts over the last twenty years have led 
to a significant reduction of plant scrams from all causes.  Phase II 
SAMAs 040 and 043, to further improve motor driven feedwater 
pump design and mitigate the consequences of this event, were 
evaluated.  

SPC-XHE-FO-W1 1.40E-04 1.083 Operator fails to 
align suppression 
pool cooling 
mode of RHR

This term represents operator failure to align the suppression pool 
cooling mode of RHR for containment pressure reduction.  Phase I 
SAMAs to improve procedures and install instrumentation to 
enhance the likelihood of success of operator action in response to 
accident conditions have already been implemented.  No Phase II 
SAMAs were recommended for this subject.

EDG-ENG-FR-EDGDR 4.84E-02 1.079 EDG D fails to 
continue to run

This term represents random failure of EDG D.  A Phase I SAMA to 
improve availability of the EDGs by cross-tying diesel fuel oil supply 
lines has already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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ADS-XHE-FO-X1T2 3.60E-04 1.078 Operator fails to 
perform 
emergency 
depressurization 
(transient)

This term represents operator failure to manually open the SRVs for 
depressurization during transients.  Phase I SAMAs to improve 
procedures and install instrumentation to enhance the likelihood of 
success of operator action in response to accident conditions have 
already been implemented.  No Phase II SAMAs were 
recommended for this subject.

ESW-MAI-MA-LOOPB 2.20E-02 1.073 ESW loop B out 
for maintenance

This term represents ESW loop B unavailable due to maintenance, 
leading to loss of jacket cooling to EDGs B and D from ESW loop B.  
Phase I SAMAs to use fire water for diesel cooling have already 
been implemented.  Phase II SAMA 001, to improve ESW system 
availability by providing an additional service water pump, was 
evaluated.

ESW-RCK-NO-102A 2.50E-03 1.070 ESW
46MOV-102A 
control circuit 
failure

This term represents random failure of the ESW loop A valve to 
close, leading to loss of jacket cooling to EDGs A and C from ESW 
loop A.  Phase I SAMAs to use fire water for diesel cooling have 
already been implemented.  Phase II SAMA 001, to improve ESW 
system availability by providing an additional service water pump, 
was evaluated.

RSW-RCK-NO-MV89A 2.50E-03 1.058 RHRSW 10MOV-
89A control circuit 
failure

This term represents random failure of the RHRSW loop A 
discharge valve, leading to loss of cooling to RHR heat exchanger 
A.  A Phase I SAMA to improve ability to cool RHR heat exchanger 
A by cross-tying fire water to RHRSW loop A has already been 
implemented.  Phase II SAMA 059, to improve RHRSW system 
availability by providing a cross-tie between RHRSW discharge 
trains, was evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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C 5.80E-06 1.057 RPS failure This term represents failure of the reactor protection system.  
Improvements to minimize the risks associated with ATWS 
scenarios including a SLC pump discharge line cross-tie, alternate 
rod insertion instrumentation, and alternate boron injection through 
the CRD system have already been implemented.  No Phase II 
SAMAs were evaluated to further improve reliability of RPS.  
However, Phase II SAMA 053, to enhance reliability of the standby 
liquid control system to mitigate the consequences of an ATWS 
event, was evaluated. 

ESW-CCF-OO-102AB 5.19E-05 1.056 ESW 46MOV-
102A and  B 
common  cause 
failure

This term represents common cause failure of ESW loop A and B 
valves to close, leading to loss of jacket cooling to EDGs A, B, C, 
and D from the ESW system.  Phase I SAMAs to use fire water for 
diesel cooling have already been implemented.  Phase II SAMA 
001, to improve ESW system availability by providing an additional 
service water pump, was evaluated.

EDG-MAI-MA-EDGDM 3.50E-02 1.049 EDG D out for 
maintenance

This term represents EDG D out for maintenance.  Phase I SAMAs 
to improve availability of the EDGs by maintaining  proper fuel level 
in each day tank and providing backup source for diesel generator 
cooling have already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with LOOP and 
SBO events, were evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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IE-TAC5 1.05E-03 1.046 Transient caused 
by loss of 
4160VAC bus 
10500

This term represents an initiating event caused by loss of 4.16kv 
bus 10500.  Phase I SAMAs to proceduralize repair or replacement 
of failed 4.16kv breakers have already been implemented.  Phase II 
SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to cope with 
loss of offsite power and SBO events, were evaluated. 

EDG-CCF-FS-4EDGS 4.16E-05 1.044 Common  cause 
failure of EDGs A, 
B, C, and D to 
start

This term represents common cause failure of four EDGs.  Phase II 
SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to cope with 
LOOP and SBO events, were evaluated.

HCI-MAI-MA-HPCIU 3.10E-02 1.043 HPCI unavailable 
due to 
maintenance

This term represents HPCI system unavailable due to maintenance.  
Phase I SAMAs to improve availability and reliability of the HPCI 
system that have already been implemented include raising 
backpressure trip set points and proceduralizing intermittent 
operation.  Additional improvements were evaluated in Phase II 
SAMAs 044, 045, 046, 047, 048, and 049.

ESW-RCK-NO-102B 2.50E-03 1.041 ESW 46MOV-
102B control 
circuit failure

This term represents random failure of the ESW loop B valve to 
close, leading to loss of jacket cooling to EDGs B and D from ESW 
loop B.  Phase I SAMAs to use fire water for diesel cooling have 
already been implemented.  Phase II SAMA 001, to improve ESW 
system availability by providing an additional service water pump, 
was evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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EDG-CCF-FR-ABC 2.36E-04 1.036 Common  cause 
failure of EDGs A, 
B, and C to run

This term represents common cause failure of three EDGs.  Phase 
II SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 
061, and 062, for enhancing AC or DC system reliability or to cope 
with LOOP and SBO events, were evaluated.

EDG-MAI-MA-EDGBM 1.82E-02 1.036 EDG B out for 
maintenance

This term represents EDG B out for maintenance.  Phase I SAMAs 
to improve availability of the EDGs by maintaining  proper fuel level 
in each day tank and providing backup source for diesel generator 
cooling have already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with LOOP and 
SBO events, were evaluated.

IE-TDC-CCF 9.55E-07 1.036 Common cause 
failure of 125VDC 
battery control 
boards 71BCB-
2A and 71 BCB-
2B

This term represents an initiating event caused by loss of 125VDC 
battery control boards 71BCB-2A and 71BCB-2B or random failure 
of batteries SB-1 and SB-2.  Phase II SAMAs 026, 027, 028, 029, 
030, 032, 033, 034, 035, and 036, for enhancing DC system 
availability and reliability, were evaluated.

NR-FPS-ESWA 1.30E-01 1.036 Operator fails to 
align fire 
protection system 
cross-tie to ESW 
loop A

This term represents operator failure to align the fire protection 
system cross-tie to ESW loop A.  Phase I SAMAs to improve 
procedures and install instrumentation to enhance the likelihood of 
success of operator action in response to accident conditions have 
already been implemented.  No Phase II SAMAs were 
recommended for this subject.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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IE-T3C 4.70E-02 1.035 Transient caused 
by inadvertently 
opened relief 
valve

This term represents an initiating event caused by inadvertent 
opening of a relief valve.  A Phase I SAMA to enhance reliability of 
SRVs and MSIVs by upgrading pneumatic components has been 
implemented. Improvement of SRV reseat reliability, to reduce the 
probability and consequences of this initiating event, was evaluated 
in Phase II SAMA 051. 

RHR-MAI-MA-LOOPA 5.47E-03 1.031 RHR loop A 
unavailable due 
to maintenance

This term represents RHR loop A unavailable due to maintenance, 
leading to loop A RHR suppression pool cooling and drywell spray 
modes being unavailable for containment pressure reduction.  
Phase I SAMAs have already been implemented to use firewater for 
drywell spray and to use containment venting to reduce containment 
pressure.  Phase II SAMAs 002, 010, 015, 058, and 059, to provide 
alternate means of suppression pool cooling and drywell spray and 
to enhance the availability and reliability of firewater for reactor 
vessel injection and drywell spray, were evaluated.

NVP-XHE-FO-RVENT 1.90E-03 1.027 Operator fails to 
initiate remote  
containment vent

This term represents operator failure to recognize the need to vent 
the torus remotely from relay panel for pressure reduction during 
loss of containment heat removal accident sequences.  Phase I 
SAMAs to improve procedures and install instrumentation to 
enhance the likelihood of success of operator action in response to 
accident conditions have already been implemented.  Phase II 
SAMA 057, to control containment venting within a narrow pressure 
band to prevent rapid containment depressurization during venting, 
was evaluated. 

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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ESW-MAI-MA-LOOPA 7.38E-03 1.026 ESW loop A out 
for maintenance

This term represents ESW loop A unavailable due to maintenance, 
leading to loss of jacket cooling to EDGs A and C from ESW loop A.  
Phase I SAMAs to use fire water for diesel cooling have already 
been implemented.  Phase II SAMA 001, to improve ESW system 
availability by providing an additional service water pump, was 
evaluated.

EDG-CCF-FR-ABD 2.36E-04 1.023 Common  cause 
failure of EDGs A, 
B, and D to run

This term represents common cause failure of three EDGs.  Phase 
II SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 
061, and 062, for enhancing AC or DC system reliability or to cope 
with LOOP and SBO events, were evaluated.

EDG-CCF-FR-ACD 2.36E-04 1.023 Common  cause 
failure of EDGs A, 
C, and D to run

This term represents common cause failure of three EDGs.  Phase 
II SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 
061, and 062, for enhancing AC or DC system reliability or to cope 
with LOOP and SBO events, were evaluated.

IE-TAC6 1.05E-03 1.022 Transient caused 
by loss of 
4160VAC bus 
10300

This term represents an initiating event caused by loss of 4.16kv 
bus 10600.  Phase I SAMAs to proceduralize repair or replacement 
of failed 4.16kv breakers have already been implemented.  Phase II 
SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to cope with 
loss of offsite power and SBO events, were evaluated. 

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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AC4-XHE-MC-UVRLA 8.00E-04 1.021 Miscalibration of 
4.16kv bus 10500 
under voltage 
relay

This term represents pre-accident human failure to properly 
calibrate the 4.16kv bus 10500 under voltage relay, leading to loss 
of 4.16kv bus 10500.  Phase I SAMAs to improve AC bus cross-tie 
capability and proceduralize repair or replacement of failed 4.16kv 
breakers have already been implemented.  Phase II SAMAs 026, 
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

EDG-CCF-FR-BCD 2.36E-04 1.020 Common  cause 
failure of EDGs B, 
C, and D to run

This term represents common cause failure of three EDGs.  Phase 
II SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 
061, and 062, for enhancing AC or DC system reliability or to cope 
with LOOP and SBO events, were evaluated.

NVP-AOV-CC-117 1.00E-03 1.020 27AOV-117 fails 
to open on 
demand

This term represents random failure of wetwell vent valve 27AOV-
117 to open on demand, resulting in loss of containment venting 
capability to control containment pressure.  Phase II SAMAs 002, 
010, 015, 058, and 059, to provide alternate means of suppression 
pool cooling and drywell spray and to enhance the availability and 
reliability of firewater for reactor vessel injection and drywell spray, 
were evaluated.

NVP-AOV-CC-118 1.00E-03 1.020 27AOV-118 fails 
to open on 
demand

This term represents random failure of wetwell vent valve 27AOV-
118 to open on demand, resulting in loss of containment venting 
capability to control containment pressure.  Phase II SAMAs 002, 
010, 015, 058, and 059, to provide alternate means of suppression 
pool cooling and drywell spray and to enhance the availability and 
reliability of firewater for reactor vessel injection and drywell spray, 
were evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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ADS-CCF-CC-10SRV 9.63E-05 1.019 Common cause 
failure of 10 SRVs 
to open on 
demand

This term represents common cause failure of ten SRVs to open on 
demand for over pressure protection during ATWS events.  Phase I 
SAMAs to enhance reliability of SRVs by upgrading pneumatic 
components and by adding electrical signals to open them 
automatically have been implemented.  No Phase II SAMAs were 
recommended for this subject. 

SLC-XHE-FO-ISLCS 9.00E-03 1.019 Operator fails to 
initiate SLC 
system during 
ATWS

This term represents operator failure to initiate the standby liquid 
control system during ATWS.  Phase I SAMAs to improve 
procedures and install instrumentation to enhance the likelihood of 
success of operator action in response to accident conditions have 
already been implemented.  No Phase II SAMAs were 
recommended for this subject.

RSW-RCK-NO-MV89B 2.50E-03 1.018 RHRSW 10MOV-
89B control circuit 
failure

This term represents random failure of the RHRSW loop B 
discharge valve, leading to loss of cooling to RHR heat exchanger 
B.  Phase II SAMAs 058 and 059, to improve RHRSW system 
availability by providing a cross-tie between RHRSW pump 
discharge trains and by providing a means to cool RHR heat 
exchanger B with fire water, were evaluated.

ESW-SBR-DN-EP2A 3.00E-03 1.017 ESW pump 46P-
2A circuit breaker 
12510 fails to 
close

This term represents random failure of ESW pump 46P-2A circuit 
breaker 12510 to close, leading to loss of jacket cooling to EDGs A 
and C from ESW loop A.  Phase I SAMAs to revise procedures to 
repair or replace failed circuit breakers and to use fire water for 
diesel cooling have already been implemented.  Phase II SAMA 
001, to improve ESW system availability by providing an additional 
service water pump, was evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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NR-LOSP-4HR 1.45E-01 1.016 Non-recovery of 
offsite power in 4 
hours 

This term represents operator failure to recover offsite power within 
4 hours.  Phase I SAMAs to improve SBO procedures and training 
to enhance the likelihood of success of operator action in response 
to accident conditions have already been implemented.  No Phase II 
SAMAs were recommended for this subject.

RCI-MAI-MA-RCITM 1.11E-02 1.016 RCIC unavailable 
due to 
maintenance

This term represents RCIC system unavailable due to maintenance.  
Phase I SAMAs to improve availability and reliability of the RCIC 
system that have already been implemented include raising 
backpressure trip set points and proceduralizing intermittent 
operation.  Additional improvements were evaluated in Phase II 
SAMAs 044, 045, 046, 047, 048, and 049.

ADS-XHE-FO-X2 2.60E-03 1.015 Operator fails to 
perform 
emergency 
depressurization 
during ATWS

This term represents operator failure to manually open the SRVs for 
depressurization during ATWS.  Phase I SAMAs to improve 
procedures and install instrumentation to enhance the likelihood of 
success of operator action in response to accident conditions have 
already been implemented.  No Phase II SAMAs were 
recommended for this subject.

DC-SHED 2.20E-02 1.015 Operator fails to 
shed DC load 
during SBO event 

This term represents operator failure to shed DC loads during an 
SBO event.  Phase I SAMAs to improve procedures and install 
instrumentation to enhance the likelihood of success of operator 
action in response to accident conditions have already been 
implemented.  No Phase II SAMAs were recommended for this 
subject.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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E.1-15

IE-TDCA 3.453E-04 1.015 Transient caused 
by loss of battery 
control board 
71BCB-2A

This term represents an initiating event caused by loss of 125VDC 
battery control board 71BCB-2A.  Phase II SAMAs 026, 027, 028, 
029, 030, 032, 033, 034, 035, and 036, for enhancing DC system 
availability and reliability, were evaluated.

IE-TRWL 9.30E-03 1.015 Transient caused 
by loss of 
instrument 
reference leg

This term represents an initiating event caused by loss of the reactor 
vessel level instrumentation system, leading to loss of feedwater 
and degraded HPCI and RCIC initiation on low reactor water level.  
A Phase I SAMA proceduralizing manual initiation of HPCI and 
RCIC given auto signal faults has been implemented.  Phase II 
SAMA 063, to provide an additional reactor vessel monitoring 
system, was evaluated. 

ESW-RCK-NO-P2A 2.50E-03 1.014 ESW pump 46P-
2A control circuit 
failure

This term represents random failure of ESW pump 46P-2A control 
circuit, leading to loss of jacket cooling to EDGs A and C from ESW 
loop A.  Phase I SAMAs to use fire water for diesel cooling have 
already been implemented.  Phase II SAMA 001, to improve ESW 
system availability by providing an additional service water pump, 
was evaluated.

IE-TAC3 2.63E-03 1.013 Transient caused 
by loss of 
4160VAC bus 
10300

This term represents an initiating event caused by loss of 4.16kv 
bus 10300.  Phase I SAMAs to improve 4.16kv bus cross-tie 
capability and proceduralize repair or replacement of failed 4.16kv 
breakers have already been implemented.  Phase II SAMAs Phase 
II SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 
061, and 062, for enhancing AC or DC system reliability or to cope 
with loss of offsite power and SBO events, were evaluated. 

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition



                                                                                 James A. FitzPatrick Nuclear Power Plant
Applicant’s Environmental Report

Operating License Renewal Stage

E.1-16

IE-IAS 4.42E-03 1.013 Transient caused 
by loss of 
instrument air 
system

This term represents an initiating event caused by loss of the 
instrument air system.  A Phase I SAMA to replace station air 
compressors with a more reliable model has been implemented.  
Phase II SAMA 050, to provide diesel driven backup power to the air 
compressors, was evaluated.

RHR-MAI-MA-LOOPB 2.67E-03 1.013 RHR loop B 
unavailable due 
to maintenance

This term represents RHR loop B unavailable due to maintenance, 
leading to loop A RHR suppression pool cooling and drywell spray 
modes being unavailable for containment pressure reduction.  
Phase I SAMAs have already been implemented to use firewater for 
drywell spray and to use containment venting to reduce containment 
pressure.  Phase II SAMAs 002, 010, 015, 058, and 059, to provide 
alternate means of suppression pool cooling and drywell spray and 
to enhance the availability and reliability of firewater for reactor 
vessel injection and drywell spray, were evaluated.

AC4-XHE-MC-UVRLB 8.00E-04 1.012 Miscalibration of 
4.16kv bus 10600 
under voltage 
relay

This term represents pre-accident human failure to properly 
calibrate the 4.16kv bus 10600 under voltage relay, leading to loss 
of 4.16kv bus 10600.  Phase I SAMAs to improve AC bus cross-tie 
capability and proceduralize repair or replacement of failed 4.16kv 
breakers have already been implemented.  Phase II SAMAs 026, 
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)
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E.1-17

NR-FPS-ESWB 3.20E-02 1.012 Operator fails to 
align fire 
protection system 
cross-tie to ESW 
loop B

This term represents operator failure to align the fire protection 
system cross-tie to ESW loop B.  Phase I SAMAs to improve 
procedures and install instrumentation to enhance the likelihood of 
success of operator action in response to accident conditions have 
already been implemented.  No Phase II SAMAs were 
recommended for this subject.

NR-FXT-RHRSW-ST 2.70E-02 1.012 Operator fails to 
align fire 
protection system 
cross-tie to 
RHRSW for RPV 
injection

This term represents operator failure to align the fire protection 
system cross-tie to RHRSW for RPV injection.  Phase I SAMAs to 
improve procedures and install instrumentation to enhance the 
likelihood of success of operator action in response to accident 
conditions have already been implemented.  No Phase II SAMAs 
were recommended for this subject.

AC4-SBR-DN-10640 3.00E-03 1.010 Circuit breaker 
10640 fails to 
close

This term represents random failure of RHR pump 10P-3D circuit 
breaker 10640 to close.  Phase I SAMAs to proceduralize repair or 
replacement of failed circuit breakers and align fire water for 
containment cooling have already been implemented.  Phase II 
SAMAs 002, 010, 015, 058, and 059, to provide alternate means of 
suppression pool cooling and drywell spray and to enhance the 
availability and reliability of firewater for reactor vessel injection and 
drywell spray, were evaluated.

EDG-CCF-FR-4EDGS 7.02E-04 1.010 Common  cause 
failure of EDGs A, 
B, C, and D to run

This term represents common cause failure of four EDGs.  Phase II 
SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to cope with 
LOOP and SBO events, were evaluated.

Table E.1-2 (Continued)
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E.1-18

AC4-SBR-DN-10312 1.60E-03 1.009 Circuit breaker 
10312 fails to 
close

This term represents random failure of circuit breaker 10312 (bus 
10400 to bus 10300) to fast transfer to the reserve transformer 71T-
3.  A Phase I SAMA to revise procedures to repair or replace failed 
circuit breakers has already been implemented.  Phase II SAMAs 
026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 
062, for enhancing AC or DC system reliability or to cope with loss 
of offsite power and SBO events, were evaluated.

ESW-MOV-OO-102A 3.68E-04 1.009 ESW 46MOV-
102A fails to 
close

This term represents random failure of the ESW loop A valve to 
close, leading to loss of jacket cooling to EDGs A and C from ESW 
loop A.  Phase I SAMAs to use fire water for diesel cooling have 
already been implemented.  Phase II SAMA 001, to improve ESW 
system availability by providing an additional service water pump, 
was evaluated.

ESW-SBR-DN-EP2B 3.00E-03 1.009 ESW pump 46P-
2B circuit breaker 
12610 fails to 
close

This term represents random failure of ESW pump 46P-2B circuit 
breaker 12610 to close, leading to loss of jacket cooling to EDGs B 
and D from ESW loop B.  Phase I SAMAs to proceduralize repair or 
replacement of failed circuit breakers and to use fire water for diesel 
cooling have already been implemented.  Phase II SAMA 001, to 
improve ESW system availability by providing an additional service 
water pump, was evaluated.

Table E.1-2 (Continued)
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E.1-19

IE-RRFLOOD 3.10E-05 1.009 Transient caused 
by internal 
flooding in relay 
room

This term represents an initiating event caused by a flooding event 
in the relay room.  Procedure changes to facilitate restoration of 
plant control following a fire protection piping rupture inside the relay 
room have been implemented.  A procedure change requiring that a 
visual check be made of the relay room within 5 minutes of a fire 
pump starting to ascertain whether a rupture has occurred within the 
relay room has also been implemented.  No Phase II SAMAs were 
recommended for this subject. 

IE-TDCB 3.453E-04 1.009 Transient caused 
by loss of 
125VDC battery 
control board 
71BCB-2B

This term represents an initiating event caused by loss of 125VDC 
battery control board 71BCB-2B.  Phase II SAMAs 026, 027, 028, 
029, 030, 032, 033, 034, 035, and 036, for enhancing DC system 
availability and reliability were evaluated.

NR-RRFLD 8.50E-03 1.009 Non-recovery of 
relay room flood

This term represents operator failure to restore plant control 
following a relay room flood.  Phase I SAMAs to improve procedures 
and install instrumentation to enhance the likelihood of success of 
operator action in response to accident conditions have already 
been implemented.  No Phase II SAMAs were recommended for 
this subject.

ESW-RCK-NO-P2B 2.50E-03 1.008 ESW pump 46P-
2B control circuit 
failure

This term represents random failure of the ESW pump 46P-2B 
control circuit, leading to loss of jacket cooling to EDGs B and D 
from ESW loop B.  Phase I SAMAs to use fire water for diesel 
cooling have already been implemented.  Phase II SAMA 001, to 
improve ESW system availability by providing an additional service 
water pump, was evaluated.

Table E.1-2 (Continued)
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E.1-20

FWS-XHE-FO-V1S2 4.00E-02 1.008 Operator fails to 
align condensate 
flow during small 
break LOCA

This term represents operator failure to align condensate flow during 
a small break LOCA.  Phase I SAMAs to improve procedures and 
install instrumentation to enhance the likelihood of success of 
operator action in response to accident conditions have already 
been implemented.  No Phase II SAMAs were recommended for 
this subject.

IE-T3B 1.15E-01 1.008 Transients 
caused by loss of 
feedwater with 
condenser 
available

This term represents an initiating event caused by loss of feedwater 
with the condenser available.  Industry efforts over the last twenty 
years have led to a significant reduction of plant scrams from all 
causes.  Phase II SAMA 039, to improve MSIV design and mitigate 
the consequences of this event, was evaluated.  

LCI-RCK-NO-RP-3D 2.50E-03 1.008 RHR pump 10-3D 
control circuit no 
output 

This term represents random failure of RHR pump 10P-3D.  A 
Phase I SAMA to align fire water for containment cooling has 
already been implemented.  Phase II SAMAs 002, 010, 015, 058, 
and 059, to provide alternate means of suppression pool cooling 
and drywell spray and to enhance the availability and reliability of 
firewater for reactor vessel injection and drywell spray, were 
evaluated.

TBV-EHC-LOSS 2.00E-03 1.008 Turbine bypass 
valve and EHC 
system hardware 
and logic faults

This term represents random failures of the turbine bypass valve 
and EHC system hardware and logic.  Industry efforts over the last 
twenty years have led to a significant reduction in failures of the 
EHC system.  Phase II SAMA 060, to improve the availability of the 
turbine bypass valve, was evaluated.  

Table E.1-2 (Continued)
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E.1-21

AC4-RCS-OO-94EA3 3.00E-04 1.007 Relay 94-
1HOEA03 
contacts fail to 
close

This term represents random failure of the control circuit for the tie 
breakers from EDGs A and C to bus 10500 as well as tripping 71-
10514 (the bus tie from 10300 to 10500).  A Phase I SAMA to revise 
procedures to repair or replace failed circuit breakers has already 
been implemented.  Phase II SAMAs 026, 027, 028, 029, 030, 031, 
032, 033, 034, 035, 036, 061, and 062, for enhancing AC or DC 
system reliability or to cope with loss of offsite power and SBO 
events, were evaluated.

EDG-CCF-FR-EDGAC 3.53E-04 1.007 Common  cause 
failure of EDGs A, 
and C to run

This term represents common cause failure of two EDGs.  A Phase 
I SAMAs to improve availability of the EDGs cross-tying diesel fuel 
oil supply lines has already been implemented.  Phase II SAMAs 
026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 
062, for enhancing AC or DC system reliability or to cope with LOOP 
and SBO events, were evaluated.

EDG-ENG-FS-EDGAS 3.65E-03 1.007 EDG A fails  to 
start

This term represents random failure of EDG A.  Phase I SAMAs to 
improve availability of the EDGs by maintaining  proper fuel level in 
each day tank and providing backup source for diesel generator 
cooling have already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

Table E.1-2 (Continued)
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E.1-22

ESW-RCS-OO-A63A9 3.00E-04 1.007 Relay 63A-
1ESWAO4 
contacts 9-10 fail 
to close

This term represents random failure of the ESW pump 46P-2A 
control circuit, leading to loss of jacket cooling to EDGs A and C 
from ESW loop A.  Phase I SAMAs to use fire water for diesel 
cooling have already been implemented.  Phase II SAMA 001, to 
improve ESW system availability by providing an additional service 
water pump, was evaluated.

FXT-ENG-FR-76P1 4.80E-02 1.007 Diesel driven fire 
water pump 76P-
1 fails to continue 
to run 

This term represents diesel fire pump 76P-1 failure to run.  Phase II 
SAMA 049, to add a diverse injection system with an injection 
source other than fire water, was evaluated.

LCI-STR-PG-F-4B 1.08E-03 1.007 ECCS strainer F-
4B plugged

This term represents failure of RHR suction strainer F-4B.  A Phase 
I SAMA was implemented to install improved, passive suction 
strainers.  Phase II SAMAs 046, 048, and 049, which recommend 
addition of independent injection systems to mitigate this failure 
event, were evaluated.

RCI-RCK-NO-MV131 2.50E-03 1.007 RCIC system 
steam admission 
valve 13MOV-131 
control circuit 
failure

This term represents random failure of the RCIC system.  Phase I 
SAMAs to improve availability and reliability of the RCIC system that 
have already been implemented include raising backpressure trip 
set points and proceduralizing intermittent operation.  Additional 
improvements were evaluated in Phase II SAMAs 044, 045, 046, 
047, 048, and 049.
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E.1-23

RCI-RCK-NO-MV132 2.50E-03 1.007 RCIC system lube 
oil cooler and 
barometric 
condenser 
cooling water 
supply valve  
13MOV-132 
control circuit 
failure

This term represents random failure of the RCIC system.  Phase I 
SAMAs to improve availability and reliability of the RCIC system that 
have already been implemented include raising backpressure trip 
set points and proceduralizing intermittent operation.  Additional 
improvements were evaluated in Phase II SAMAs 044, 045, 046, 
047, 048, and 049.

RCI-RCK-NO-RMV21 2.50E-03 1.007 RCIC system 
pump discharge 
valve 13MOV-21 
control circuit 
failure

This term represents random failure of the RCIC system.  Phase I 
SAMAs to improve availability and reliability of the RCIC system that 
have already been implemented include raising backpressure trip 
set points and proceduralizing intermittent operation.  Additional 
improvements were evaluated in Phase II SAMAs 044, 045, 046, 
047, 048, and 049.

ADS-XHE-FO-X1S1 6.60E-03 1.007 Operator fails to 
perform 
emergency 
depressurization 
during medium 
LOCA

This term represents operator failure to manually open the SRVs for 
depressurization during a medium LOCA.  Phase I SAMAs to 
improve procedures and install instrumentation to enhance the 
likelihood of success of operator action in response to accident 
conditions have already been implemented.  No Phase II SAMAs 
were recommended for this subject.
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E.1-24

EDG-ENG-FS-EDGBS 3.65E-03 1.006 EDG B fails  to 
start

This term represents random failure of EDG B.  Phase I SAMAs to 
improve availability of the EDGs maintaining proper fuel level in 
each day tank and providing backup source for diesel generator 
cooling have already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

EDG-ENG-FS-EDGCS 3.65E-03 1.006 EDG C fails  to 
start

This term represents random failure of EDG C.  Phase I SAMAs to 
improve availability of the EDGs by maintaining  proper fuel level in 
each day tank and providing backup source for diesel generator 
cooling have already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

EDG-MAI-MA-EDGAM 4.52E-03 1.006 EDG A out for 
maintenance

This term represents EDG A out for maintenance.  Phase I SAMAs 
to improve availability of the EDGs by maintaining proper fuel level 
in each day tank and providing backup source for diesel generator 
cooling have already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

FPS- MAI-MA-P-4 6.47E-02 1.006 Fire water pump 
76P-4 out for 
maintenance

This term represents fire water pump 76P-4 in maintenance.  Phase 
II SAMA 049, to add a diverse injection system with an injection 
source other than fire water, was evaluated.
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E.1-25

IAS-MDC-MA-AC1C 2.38E-02 1.006 Instrument air 
compressor C out 
for maintenance

This term represents instrument air compressor C out for 
maintenance.  A Phase I SAMA to replace station air compressors 
with a more reliable model has been implemented.  Phase II SAMA 
050, to provide diesel driven backup power to the air compressors, 
was evaluated.

IE-S1 4.00E-05 1.006 Medium LOCA This term represents the medium LOCA initiating event.  Phase I 
SAMAs have been implemented to provide more reliable or diverse 
high or low pressure injection systems to mitigate this event.  Phase 
II SAMAs 040, 043, 044, 045, 046, 047, 048, and 049, to reduce the 
CDF contribution from medium LOCA, were evaluated.

NVP-SOV-FE-117 1.00E-03 1.006 Wetwell vent 
solenoid valve 
27SOV-117 fails 
to energize

This term represents random failure of wetwell vent valve 27SOV-
117 to energize and open on demand, resulting in loss of 
containment venting.  Phase II SAMAs 002, 010, 015, 058, and 059, 
to provide alternate means of suppression pool cooling and drywell 
spray and to enhance the availability and reliability of firewater for 
reactor vessel injection and drywell spray, were evaluated.

NVP-SOV-FE-118 1.00E-03 1.006 Wetwell vent 
solenoid valve 
27SOV-118 fails 
to energize

This term represents random failure of wetwell vent valve 27SOV-
118 to energize and open on demand, resulting in loss of 
containment venting.  Phase II SAMAs 002, 010, 015, 058, and 059, 
to provide alternate means of suppression pool cooling and drywell 
spray and to enhance the availability and reliability of firewater for 
reactor vessel injection and drywell spray, were evaluated.

Table E.1-2 (Continued)
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E.1-26

RCI-TDP-FR-RCIPM 2.35E-03 1.006 RCIC turbine 
driven pump fails 
to continue to run

This term represents random failure of the RCIC system.  Phase I 
SAMAs to improve availability and reliability of the RCIC system that 
have already been implemented include raising backpressure trip 
set points and proceduralizing intermittent operation.  Additional 
improvements were evaluated in Phase II SAMAs 044, 045, 046, 
047, 048, and 049.

RCI-TDP-FS-RCIPM 2.23E-03 1.006 RCIC turbine 
driven pump fails 
to start

This term represents random failure of the RCIC system.  Phase I 
SAMAs to improve availability and reliability of the RCIC system that 
have already been implemented include raising backpressure trip 
set points and proceduralizing intermittent operation.  Additional 
improvements were evaluated in Phase II SAMAs 044, 045, 046, 
047, 048, and 049.

RSW-MOV-CC-MV89A 3.31E-04 1.006 RHRSW 10MOV-
89A fails to open

This term represents random failure of the RHRSW loop A 
discharge valve, leading to loss of cooling to RHR heat exchanger 
A.  A Phase I SAMA to improve ability to cool RHR heat exchanger 
A by cross-tying fire water to RHRSW loop A has already been 
implemented.  Phase II SAMA 059, to improve RHRSW system 
availability by providing a cross-tie between RHRSW discharge 
trains, was evaluated.

AC4-PRY-HW-5GEA1 1.15E-04 1.005 Relay 51GS-
1HOEA01 failure

This term represents random failure of the control circuit for the tie 
breaker from bus 10300 to bus 10500.  A Phase I SAMA to revise 
procedures to repair or replace failed circuit breakers has already 
been implemented.  Phase II SAMAs 026, 027, 028, 029, 030, 031, 
032, 033, 034, 035, 036, 061, and 062, for enhancing AC or DC 
system reliability or to cope with loss of offsite power and SBO 
events, were evaluated.
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E.1-27

AC4-PRY-HW-5HA23 1.15E-04 1.005 Relay 51-
1HOEA23 failure

This term represents random failure of the control circuit for the tie 
breaker from bus 10300 to bus 10500.  A Phase I SAMA to revise 
procedures to repair or replace failed circuit breakers has already 
been implemented.  Phase II SAMAs 026, 027, 028, 029, 030, 031, 
032, 033, 034, 035, 036, 061, and 062, for enhancing AC or DC 
system reliability or to cope with loss of offsite power and SBO 
events, were evaluated.

AC4-PRY-HW-5HEA1 1.15E-04 1.005 Relay 51-
1HOEA01 failure

This term represents random failure of the control circuit for the tie 
breaker from bus 10300 to bus 10500.  A Phase I SAMA to revise 
procedures to repair or replace failed circuit breakers has already 
been implemented.  Phase II SAMAs 026, 027, 028, 029, 030, 031, 
032, 033, 034, 035, 036, 061, and 062, for enhancing AC or DC 
system reliability or to cope with loss of offsite power and SBO 
events, were evaluated.

AC4-PRY-HW-67A20 1.15E-04 1.005 Relay 67-
1HOEA20 failure

This term represents random failure of the control circuit for the tie 
breaker from bus 10300 to bus 10500.  A Phase I SAMA to revise 
procedures to repair or replace failed circuit breakers has already 
been implemented.  Phase II SAMAs 026, 027, 028, 029, 030, 031, 
032, 033, 034, 035, 036, 061, and 062, for enhancing AC or DC 
system reliability or to cope with loss of offsite power and SBO 
events, were evaluated.
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E.1-28

AC4-SBR-DN-10502 3.00E-03 1.005 Circuit breaker 
10502 does not 
operate properly

This term represents random failure of EDG A circuit breaker 10502 
to close.  A Phase I SAMA to revise procedures to repair or replace 
failed circuit breakers has already been implemented.  Phase II 
SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to cope with 
loss of offsite power and SBO events, were evaluated.

AC4-SBR-DN-10512 3.00E-03 1.005 Circuit breaker 
10512 does not 
operate properly

This term represents random failure of EDG C circuit breaker 10512 
to close.  A Phase I SAMA to revise procedures to repair or replace 
failed circuit breakers has already been implemented.  Phase II 
SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to cope with 
loss of offsite power and SBO events, were evaluated.

AC4-SBR-DN-10602 3.00E-03 1.005 Circuit breaker 
10602 does not 
operate properly

This term represents random failure of EDG B circuit breaker 10602 
to close.  A Phase I SAMA to revise procedures to repair or replace 
failed circuit breakers has already been implemented.  Phase II 
SAMAs 026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to cope with 
loss of offsite power and SBO events, were evaluated.

DGV-MOD-CC-D143A 3.00E-03 1.005 EDG building 
damper 92MOD-
143A fails to open 
on demand

This term represents random failure of EDG building damper 
92MOD-143A to open on demand, leading to failure of EDG A.  A 
Phase I SAMA, to install a high temperature alarm in EDG building 
A has already been implemented.  Phase II SAMA 062, to 
proceduralize opening the door of EDG building A upon receipt of a 
high temperature alarm, was evaluated. 

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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DGV-MOD-CC-D143B 3.00E-03 1.005 EDG building 
damper 92MOD-
143B fails to open 
on demand

This term represents random failure of EDG building damper 
92MOD-143B to open on demand, leading to failure of EDG B.  A 
Phase I SAMA to install a high temperature alarm in EDG building B 
has already been implemented.  Phase II SAMA 062, to 
proceduralize opening the door of EDG building B upon receipt of a 
high temperature alarm, was evaluated.

DGV-MOD-CC-D143C 3.00E-03 1.005 EDG building 
damper 92MOD-
143C fails to open 
on demand

This term represents random failure of EDG building damper 
92MOD-143C to open on demand, leading to failure of EDG C.  A 
Phase I SAMA to install a high temperature alarm in EDG building C 
has already been implemented.  Phase II SAMA 062, to 
proceduralize opening the door of EDG building C upon receipt of a 
high temperature alarm, was evaluated.

DGV-MOD-CC-D149A 3.00E-03 1.005 EDG building 
damper 92MOD-
149A fails to open 
on demand

This term represents random failure of EDG building damper 
92MOD-149A to open on demand, leading to failure of EDG A.  A 
Phase I SAMA to install a high temperature alarm in EDG building A 
has already been implemented.  Phase II SAMA 062, to 
proceduralize opening the door of EDG building A upon receipt of a 
high temperature alarm, was evaluated.

DGV-MOD-CC-D149B 3.00E-03 1.005 EDG building 
damper 92MOD-
149B fails to open 
on demand

This term represents random failure of EDG building damper 
92MOD-149B to open on demand, leading to failure of EDG B.  A 
Phase I SAMA to install a high temperature alarm in EDG building B 
has already been implemented.  Phase II SAMA 062, to 
proceduralize opening the door of EDG building B upon receipt of a 
high temperature alarm, was evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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DGV-MOD-CC-D149C 3.00E-03 1.005 EDG building 
damper 92MOD-
149C fails to open 
on demand

This term represents random failure of EDG building damper 
92MOD-149C to open on demand, leading to failure of EDG C.  A 
Phase I SAMA to install a high temperature alarm in EDG building C 
has already been implemented.  Phase II SAMA 062, to 
proceduralize opening the door of EDG building C upon receipt of a 
high temperature alarm, was evaluated.

EDG-CCF-FR-EDGBD 3.53E-04 1.005 Common  cause 
failure of EDGs B 
and D to run

This term represents common cause failure of two EDGs.  A Phase 
I SAMA to improve availability of the EDGs by cross-tying diesel fuel 
oil supply lines has already been implemented.  Phase II SAMAs 
026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 
062, for enhancing AC or DC system reliability or to cope with LOOP 
and SBO events, were evaluated.

EDG-ENG-FS-EDGDS 3.65E-03 1.005 EDG D fails  to 
start

This term represents random failure of EDG D.  Phase I SAMAs to 
improve availability of the EDGs by maintaining  proper fuel level in 
each day tank and providing backup source for diesel generator 
cooling have already been implemented.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of offsite 
power and SBO events, were evaluated.

ESW-MOV-OO-102B 3.68E-04 1.005 ESW
46MOV-102B 
fails to close

This term represents random failure of the ESW loop B valve to 
close, leading to loss of jacket cooling to EDGs B and D from ESW 
loop B.  Phase I SAMAs to use fire water for diesel cooling have 
already been implemented.  Phase II SAMA 001, to improve ESW 
system availability by providing an additional service water pump, 
was evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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IAS-MDC-MA-AC1A 3.91E-02 1.005 Instrument air 
compressor A out 
for maintenance

This term represents instrument air compressor A out for 
maintenance.  A Phase I SAMA to replace station air compressors 
with a more reliable model has been implemented.  Phase II SAMA 
050, to provide diesel driven backup power to the air compressors, 
was evaluated.

LCI-XHE-RE-RM3DP 1.64E-03 1.005 Operator fails to 
restore RHR 
pump 10-P3D 
path components 
after testing and 
maintenance

This term represents pre-accident human failure to restore RHR 
pump 10P-3D after testing and maintenance.  A Phase I SAMA to 
align fire water for containment cooling has already been 
implemented.  Phase II SAMAs 002, 010, 015, 058, and 059, to 
provide alternate means of suppression pool cooling and drywell 
spray and to enhance the availability and reliability of firewater for 
reactor vessel injection and drywell spray, were evaluated.

RSW-CCF-FS-2MDPA 1.30E-04 1.005 Common  cause 
failure of two 
RHRSW A pumps 
to start

This term represents common cause failure of the RHRSW loop A 
pumps to start, leading to loss of cooling to RHR heat exchanger A.  
A Phase I SAMA to improve ability to cool RHR heat exchanger A by 
cross-tying fire water to RHRSW loop A has already been 
implemented.  Phase II SAMA 059, to improve RHRSW system 
availability by providing a cross-tie between RHRSW discharge 
trains, was evaluated.

Table E.1-2 (Continued)
Correlation of Level 1 Risk Significant Terms to Evaluated SAMAs (Based on CDF)

Event Name Probability RRW Event 
Description Disposition
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CDF Uncertainty 

The uncertainty associated with CDF was estimated using Monte Carlo techniques implemented 
in CAFTA for the base case mode.  The results are shown in Table E.1-3.

The values in Table E.1-3 reflect the uncertainties associated with the data distributions used in 
the analysis.  The ratio of the 95th percentile to the mean is about 3.83.  This uncertainty factor is 
included in the factor of 16 used to determine the upper bound estimated benefit described in 
Section 4.21.5.4.

E.1.2 PSA Model – Level 2 Analysis

E.1.2.1 Containment Performance Analysis

The JAFNPP Level 2 PSA model used for the SAMA analysis is the most recent internal events 
risk model, which is an updated version of the model used in the IPE.  The Level 2 PSA model 
used for the SAMA analysis (JAFNPP Revision 2) reflects the JAFNPP operating configuration 
and design as of December 2003.  Specifically, the Level 2 model has been updated to 
incorporate insights from the independent BWROG peer review.

The JAFNPP Level 2 model includes two types of considerations: (1) a deterministic analysis of 
the physical processes for a spectrum of severe accident progressions, and (2) a probabilistic 
analysis component in which the likelihood of the various outcomes are assessed.  The 
deterministic analysis examines the response of the containment to the physical processes 
during a severe accident.  This response is performed by

• utilization of the MAAP code [Reference E.1-2] to simulate severe accidents that have 
been identified as dominant contributors to core damage in the Level 1 analysis, and 

• reference calculation of several hydrodynamic and heat transfer phenomena that occur 
during the progression of severe accidents.  Examples include debris coolability, pressure 
spikes due to ex-vessel steam explosions, scoping calculation of direct containment 
heating, molten debris filling the pedestal sump and flowing over the drywell floor, 

Table E.1-3
Core Damage Frequency Uncertainty

Confidence CDF (/ry)

Mean value 3.70E-6

5th percentile 9.29E-7

50th percentile 1.90E-6

95th percentile 1.05E-5
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containment bypass, deflagration and detonation of hydrogen, thrust forces at reactor 
vessel failure, liner melt-through, and thermal attack of containment penetrations. 

The Level 2 analysis examined the dominant accident sequences and the resulting plant damage 
states (PDS) defined in Level 1.  The Level 1 analysis involves the assessment of those 
scenarios that could lead to core damage.  A list of the PDS groups and descriptions from the 
Level 2 analysis is presented in Table E.1-4.

A full Level 2 model was developed for the IPE and completed at the same time as the Level 1 
model.  The Level 2 model consists of a single containment event tree (CET) with functional 
nodes that represent phenomenological events and containment protection system status.  The 
nodes were quantified using subordinate trees and logic rules.  A list of the CET functional nodes 
and descriptions used for the Level 2 analysis is presented in Table E.1-5.

The Large Early Release Frequency (LERF) is an indicator of containment performance from the 
Level 2 results because the magnitude and timing of these releases provide the greatest 
potential for early health effects to the public.  The frequency calculated is approximately 
9.20E-8/ry.  Figure E.1-1 and Figure E.1-2 summarize the Level 2 results.

LERF represents a small fraction (3.35%) of all release end states.  Six types of accidents 
dominate the internal large early release: station blackout (SBO), interfacing system loss of 
coolant accidents (ISLOCA), anticipated transient without scram (ATWS), transients, vessel 
rupture events, and loss of coolant accidents (LOCA).

Table E.1-6 provides a correlation between the Level 2 RRW risk significant events (severe 
accident phenomenon, initiating events, component failures, and operator actions) down to 1.005 
identified from the JAFNPP Revision 2 PSA LERF model and the SAMAs evaluated in Section 
E.2.  

Table E.1-4
Summary of JAFNPP PSA Plant Damage State Groups

PDS Group Simplified Description

Point 
Estimate 

Frequency 
/ry

% of Total 
Core 

Damage 
Frequency

Plant 
Damage 
States

Loss of Coolant 
Accident 
(LOCAs)

Large and small break LOCA with initial 
or long-term loss of core cooling.  Core 
damage results at low or high reactor 
pressure.  For most plant damage 
states, late injection and containment 
heat removal are available.

1.78 x 10-8 0.65 3, 4, 7, 8, 
9, 10, 
and 11
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Transient
(TRANS)

Short and long-term transient events.  
Core damage results at either low or 
high reactor pressure.  Late injection 
and containment heat removal are 
available.

3.54 x 10-7 12.9 14, 15, 
16, 17, 
20, 21, 
22, 23, 
24, 25, 
26, 27, 
and 28

Station Blackout 
(SBO)

SBO involving a loss of high-pressure 
injection.  Core damage results at either 
low (stuck-open SRV) or high reactor 
pressure.  All accident mitigating 
functions are recoverable when AC 
power is restored.

1.30 x 10-6 47.3 29, 30, 
31, and 
32

Vessel Rupture 
(VSL_RUPT)

Vessel rupture event resulting in LOCA 
beyond ECCS capability.  All plant 
damage states result in core damage at 
low reactor pressure with late injection 
available.

1.00 x 10-8 0.364 33, 34, 
35, and 
36

Anticipated 
Transient 
Without Scram 
(ATWS)

Short-term ATWS that leads to early 
core damage at high reactor pressure 
following loss of reactivity control and 
rapid containment pressurization.  
Reactor coolant system leakage rates 
associated with boil-off of coolant 
through the cycling of SRVs with early 
core melt subsequent to containment 
overpressure failure.  Late injection and 
containment heat removal are available.

1.52 x 10-7 5.52 37, 38, 
39, 41, 
42, 45, 
and 46

Interfacing 
System LOCA 
(ISLOCA)

Large and small break interfacing 
system LOCA outside containment.  
Core damage results at low or high 
reactor pressure with a bypassed 
containment.  

2.58 x 10-8 0.940 47 and 
48

Table E.1-4
Summary of JAFNPP PSA Plant Damage State Groups

PDS Group Simplified Description

Point 
Estimate 

Frequency 
/ry

% of Total 
Core 

Damage 
Frequency

Plant 
Damage 
States
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Loss of 
Containment 
Heat Removal  
(TW)

Containment decay heat removal 
systems are not available and coolant 
recirculation to the torus 
overpressurizes the containment to 
failure or venting.  The torus is 
saturated.

8.90 x 10-7 32.4 1, 2, 5, 6, 
12, 13, 
18, 19, 
40, 43, 
and 44

Table E.1-5
Notation and Definitions for JAFNPP CET Functional Nodes Description

CET Node CET Functional Node Description 

Plant Damage State Event 
(PDS_EVNT)

This top event represents the initiators considered in the containment 
performance analysis.  

RPV Pressure at Vessel 
Failure (RPV@VF)

This top event identifies the status of the reactor pressure vessel (RPV) 
pressure.  RPV@VF is set to success when RPV pressure is low.  
RPV@VF is set to failure when RPV is high.

In-vessel Cooling Recovery 
(IN-REC)

This top event addresses the recovery of coolant injection into the vessel 
after core degradation, but prior to vessel breach.  This top event 
considers the possibility of low-pressure injection systems working once 
the RPV is depressurized. 

Vessel Failure (VF) This top event addresses recovery from core degradation within the 
vessel and the prevention of vessel head thermal attack.  Core melt 
recovery requires the recovery of core cooling prior to core blocking or 
relocation of molten debris to the lower plenum and thermal attack of the 
vessel head.

Early Containment Failure 
(CFE)

This top event node considers the potential loss of containment integrity 
at, or before, vessel failure.  Several phenomena are considered credible 
mechanisms for early containment failure.  They may occur alone or in 
combination.  The phenomena are containment isolation failure; 
containment bypass; containment overpressure failure at vessel breach; 
hydrogen deflagration or detonation; fuel-coolant interactions (steam 
explosions); high pressure melt ejection and subsequent direct 
containment heating; and drywell steel shell melt-through.

Table E.1-4
Summary of JAFNPP PSA Plant Damage State Groups

PDS Group Simplified Description

Point 
Estimate 

Frequency 
/ry

% of Total 
Core 

Damage 
Frequency

Plant 
Damage 
States
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Early Release to Torus 
(EPOOL)

This top event node considers the importance of early torus pool 
scrubbing in mitigating the magnitude of fission products released from 
the damaged core.  Success implies that fission product transport path 
subsequent to early containment failure is through the torus water and 
the torus airspace.  That is, the torus pool is not bypassed.  Failure 
involves a release into the drywell.

Debris Cooled Ex-vessel 
(DCOOL)

This top event considers the delivery of water to the drywell, via drywell 
sprays, or via injection to the RPV and drainage out an RPV breach onto 
the drywell floor.  Success implies the availability of water and the 
formation of a coolable debris bed such that concrete attack is 
precluded.  Failure implies that the molten core attacks concrete in the 
reactor pedestal, that core debris remains hot, and sparing of the 
concrete decomposition products through the melt releases the less 
volatile fission products to the containment atmosphere.

Late Containment Failure 
(CFL)

This top event addresses the potential loss of containment integrity in the 
long-term.  Late containment failure may result from long-term steam 
and non-condensable gas generation from the attack of molten core 
debris on concrete.  

Late Release to Torus 
(LPOOL)

This top event node considers the importance of late torus pool 
scrubbing in mitigating the magnitude of fission products released from 
the damaged core.  Success implies that fission product transport path 
subsequent to late containment failure is through the torus water and the 
torus airspace.  That is, the torus pool is not bypassed.  Failure involves 
a release into the drywell.

Fission Product Removal 
(FPR)

This top event addresses fission product releases from the fuel into the 
containment and airborne fission product removal mechanisms within 
the containment structure to characterize potential magnitude of fission 
product releases to the environment should the containment fail.  Failure 
implies that most of the fission products from the fuel and containment 
are ultimately released to the environment without mitigation.

Reactor Building (RB) This top event is used to assess the ability of the reactor building to 
retain fission products released from containment.  Success of top event 
RB is defined to be a reduction of the containment release magnitude.

Table E.1-5
Notation and Definitions for JAFNPP CET Functional Nodes Description

CET Node CET Functional Node Description 
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Figure E.1-1
JAFNPP Radionuclide Release Category Summary
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Figure E.1-2
JAFNPP Plant Damage State Contribution to LERF
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Table E.1-6
Correlation of Level II Risk Significant Terms to Evaluated SAMAs (Based on Large Early Release Frequency)

Event Name Probability RRW Event Description Disposition

CM>20 1.0 119.0 Core melt progression greater 
than 20%

This term represents the probability that core melt will be 
greater than 20%.  Phase II SAMAs 040, 041, 042, 043, 044, 
045, 046, 047, 048, and 049 for enhancing reactor vessel 
injection during transients, small LOCA and SBO were 
evaluated.

VF_3 1.0 115.0 Vessel failure occurs given 
core melt greater than 20% 
and no in-vessel cooling 

This term represents the probability that core debris is not 
cooled in-vessel and fails the lower head.  Phase II SAMA 
013 was evaluated to consider the benefit of a reactor vessel 
exterior cooling system with the potential to cool a molten 
core before it causes vessel failure.

NAC_POWER_E2 4.90E-01 2.196 AC power not recovered  prior 
to vessel breach in long-term 
SBO plant damage state

This term represents the probability that AC power will not 
be recovered between the onset of core damage and vessel 
breach in long-term SBO scenarios.  Phase I SAMAs, 
including improvement of SBO procedures and training to 
enhance the likelihood of success of operator action in 
response to accident conditions, have already been 
implemented.  No additional Phase II SAMAs were 
recommended for this subject.

PDS-29 1.28E-06 2.196 Long-term SBO plant damage 
at high RPV pressure 

This term represents the plant damage state frequency of a 
long-term SBO scenario involving loss of injection at high 
RPV pressure from battery depletion.  Phase II SAMAs 026, 
027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, and 
062, for enhancing AC or DC system reliability or to cope 
with loss of offsite power and SBO events were evaluated.
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NO_SORV_LATE 5.00E-01 1.462 No SRV sticks open prior to 
vessel breach-late

This term represents the probability that an SRV remains 
closed while cycling prior to reactor vessel breach during a 
long-term accident scenario.  Phase I SAMAs to enhance 
reliability of SRVs by upgrading pneumatic components and 
by adding electrical signals to open them automatically have 
been implemented.  Therefore, no potentially cost-beneficial 
SAMAs were postulated to mitigate this event.

DW-PED_FAIL 1.75E-01 1.397 Drywell  failure occurs given 
reactor pedestal failure

This term represents the probability that early drywell failure 
results from the movement of steam lines, feedwater lines or 
other fluid lines as a result of pedestal failure and vessel 
movement.  Phase II SAMAs 005, 006, 009, 013, and 024 
were evaluated for risk reduction.

NO-QUECH-1 9.99E-01 1.379 No debris quench, given dry 
pedestal, high RPV pressure, 
and no late water supply after 
vessel breach

This term represents the probability that debris is not 
quenched immediately after vessel failure, given no water on 
the drywell floor, high RPV pressure at vessel breach, and 
no late water supply for debris cooling after vessel breach.  
Phase II SAMA 023, providing a means of flooding the 
debris bed to enhance debris coolability ex-vessel, was 
evaluated.

LOW_LIQUID_VB-2 9.00E-01 1.326 Small molten debris mass in 
lower RPV head at high RPV 
pressure

This term represents the probability of having a small 
amount of mobile core debris when vessel breach occurs at 
high pressure.  Phase II SAMAs 040, 041, 042, 043, 044, 
045, 046, 047, 048, and 049 for enhancing reactor vessel 
injection during transients, small LOCA and SBO were 
evaluated.  

Table E.1-6 (Continued)
Correlation of Level II Risk Significant Terms to Evaluated SAMAs (Based on Large Early Release Frequency)

Event Name Probability RRW Event Description Disposition
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NO_SORV_EARLY 9.00E-01 1.303 No SRV sticks open prior to 
vessel breach-early 

This term represents the probability that an SRV remains 
closed while cycling prior to reactor vessel breach during a 
short-term accident scenario.  Improvement of SRV reseat 
reliability, to reduce the probability and consequences of this 
initiating event, was evaluated in Phase II SAMA 051.

RPV-LOW29-1 7.36E-01 1.297 RPV pressure is low given the 
occurrence of a long-term 
SBO at initial high RPV 
pressure

This term represents the probability that RPV 
depressurization occurs subsequent to the occurrence of a 
long-term SBO scenario involving the loss of injection at high 
RPV pressure from battery depletion.  Improvements related 
to enhancing offsite power availability or reliability and 
coping with SBO events were already implemented and 
evaluated during phase I SAMA screening.  Phase II SAMAs 
026, 027, 028, 029, 030, 031, 032, 033, 034, 035, 036, 061, 
and 062, for enhancing AC or DC system reliability or to 
cope with loss of offsite power and SBO events were 
evaluated.

VF_SIZE_PEN 9.00E-01 1.275 Vessel penetration failure 
occurs debris thermal attack 

This term represents the probability of vessel failure due to a 
single lower head penetration failure.  Phase II SAMA 013 
was evaluated to consider the benefit of a reactor vessel 
exterior cooling system with the potential to cool a molten 
core before it causes vessel failure.  

ADS-SRV-RBENV 6.41E-01 1.249 Adverse reactor building 
conditions cause SRVs  
failure

This term represents the probability of SRV/ADS failure after 
containment rupture due to the harsh environment created 
inside the reactor building.  Phase II SAMAs 007, 011, 014, 
016, 017, 019, and 021 for enhancing containment integrity 
were evaluated.

Table E.1-6 (Continued)
Correlation of Level II Risk Significant Terms to Evaluated SAMAs (Based on Large Early Release Frequency)

Event Name Probability RRW Event Description Disposition
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NO_RB-
NATURAL_3

9.50E-01 1.246 Natural  deposition does not 
occur given H2 burn inside 
reactor building 

This term represents the probability of reactor building failure 
to retain a significant fraction of the radionuclides released 
from the primary containment following a hydrogen burn in 
the reactor building.  Phase II SAMAs 008 and 022, for 
mitigating fission product release into the reactor building, 
were evaluated.

RB-H2_BURN 8.33E-01 1.246 H2 burn occurs inside reactor 
building given containment 
failure 

This term represents the probability that hydrogen 
combustion in the reactor building results in high 
temperature and high gas flows inside the reactor building 
following containment failure.  Phase II SAMAs 007, 011, 
014, 016, 017, 019, and 021 for enhancing containment 
integrity were evaluated.

NO-QUECH-3D 2.80E-01 1.237 No debris quench, given dry 
pedestal, high RPV pressure, 
and late water supply after 
vessel breach

This term represents the probability that debris is not 
quenched immediately after vessel failure, given no initial 
water on the drywell floor, high RPV pressure at vessel 
breach, and the recovery of late water supply for debris 
cooling after vessel breach.  Phase II SAMA 023, providing a 
means of flooding the debris bed to enhance debris 
coolability ex-vessel, was evaluated.

WWLAW 4.35E-01 1.236 Torus leakage above water 
line

This term represents the probability of torus failure above the 
water line.  Phase II SAMAs 007, 011, 014, 016, 017, 019, 
and 021 for enhancing containment integrity were evaluated.

PDS-47 1.89E-08 1.226 Unisolated LOCA outside 
containment with early core 
melt at high RPV pressure.

This term represents the plant damage state frequency of an 
ISLOCA outside containment with early core melt at high 
RPV pressure.  Phase II SAMAs 037 and 038, to reduce the 
potential for ISLOCAs, were evaluated.

Table E.1-6 (Continued)
Correlation of Level II Risk Significant Terms to Evaluated SAMAs (Based on Large Early Release Frequency)

Event Name Probability RRW Event Description Disposition
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LOW_LIQUID_VB-3 9.00E-01 1.211 Small molten debris mass in 
lower RPV head at low RPV 
pressure

This term represents the probability of having a small 
amount of mobile core debris when vessel breach occurs at 
low pressure.  Phase II SAMAs 040, 041, 042, 043, 044, 
045, 046, 047, 048, and 049 for enhancing reactor vessel 
injection during transients, small LOCA and SBO were 
evaluated.  

NO-QUECH-2 9.99E-01 1.194 No debris quench, given dry 
pedestal, low RPV pressure, 
and no late water supply after 
vessel breach

This term represents the probability that debris is not 
quenched immediately after vessel failure, given no water on 
the drywell floor, low RPV pressure at vessel breach, and no 
late water supply for debris cooling after vessel breach.  
Phase II SAMA 023, providing a means of flooding the 
debris bed to enhance debris coolability ex-vessel, was 
evaluated.

NO_RB-
NATURAL_1

9.99E-01 1.190 Natural deposition does not 
occur given large 
containment failure 

This term represents the probability of reactor building failure 
to retain a significant fraction of the radionuclides released 
from the primary containment given a large primary 
containment failure.  Phase II SAMAs 007, 011, 014, 016, 
017, 019, and 021 for enhancing containment integrity were 
evaluated.  In addition, SAMAs 008 and 022 for mitigating 
fission product release into the reactor building were 
evaluated.

EARLY_SPRAYS-4 1.00E+00 1.188 Drywell sprays operate before 
RPV failure (non-SBO plant 
damage states) 

This term represents the probability that drywell sprays 
operate prior to reactor vessel failure for non-SBO plant 
damage states.  Phase II SAMAs 006, 013, and 023 for 
enhancing coolability ex-vessel were evaluated.
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PEDESTAL_FAIL-3 3.25E-01 1.172 Pedestal overpressure failure 
at high RPV and small breach 

This term represents the probability that pedestal wall failure 
due to fuel coolant interactions, or over pressurization from 
blowdown, occurs given vessel breach at high RPV 
pressure.  Phase II SAMAs 005, 006, 009, 013, and 024 
were evaluated for risk reduction.  

VF_GROSS 1.00E-01 1.169 Gross lower RPV head failure 
occurs given core debris 
thermal attack

This term represents the probability of vessel failure due to 
global thermally induced creep rupture of the lower head.  
Phase II SAMA 013 was evaluated to consider the benefit of 
a reactor vessel exterior cooling system with the potential to 
cool a molten core before it causes vessel failure.  

PDS-45 7.01E-08 1.162 Short-term ATWS with  
containment failure and early 
core damage at high RPV 
pressure

This term represents the plant damage state frequency of a 
short-term ATWS with early containment failure and early 
core damage at high primary system pressure because of 
inadequate reactor water level following a loss of reactivity 
control.  Phase II SAMAs 004, 052, and 053 for enhancing 
ATWS migration capabilities were evaluated. 

LATE_H20-5 9.99E-01 1.157 Late water supply available 
for debris bed cooling (non-
SBO plant damages states 
with core spray and LPCI 
failed)

This term represents the probability that late water is not 
provided to cool core debris ex-vessel for non-SBO plant 
damage states.  Phase II SAMA 023, providing a means of 
flooding the debris bed to enhance debris coolability ex-
vessel, was evaluated.

PDS-48 6.95E-09 1.146 Unisolated LOCA outside 
containment with early core 
melt at low RPV pressure

This term represents the plant damage state frequency of an 
ISLOCA outside containment with early core melt at low 
RPV pressure.  Phase II SAMAs 037 and 038, to reduce the 
potential for ISLOCAs, were evaluated.
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LATE_H20-3 6.08E-01 1.14 Late water supply available 
for debris bed cooling (long-
term SBO plant damage 
states)

This term represents the probability that late water is not 
provided to cool core debris ex-vessel for long-term SBO 
plant damage states.  Phase II SAMA 023, providing a 
means of flooding the debris bed to enhance debris 
coolability ex-vessel, was evaluated.

NO-QUECH-6D 8.40E-01 1.139 No debris quench given dry 
pedestal, low RPV pressure, 
late water supply and low 
debris superheat 

This term represents the probability that debris is not 
quenched immediately after vessel failure, given no water on 
the drywell floor, low RPV pressure at vessel breach and late 
water supply for debris cooling after vessel breach.  Phase II 
SAMA 023, providing a means of flooding the debris bed to 
enhance debris coolability ex-vessel, was evaluated.

DCOOL48-2 9.48E-01 1.136 Debris cooled given plant 
damage state 48

This term represents the probability that debris coolability 
does not occur given an ISLOCA outside containment with 
early core melt at low RPV pressure.  Phase II SAMAs 037 
and 038, to reduce the potential for ISLOCAs, were 
evaluated.  Also, SAMA 023, providing a means of flooding 
the debris bed to enhance debris coolability ex-vessel, was 
evaluated. 

PEDESTAL_FAIL-4 9.10E-01 1.096 Pedestal overpressure failure 
at low RPV pressure and 
large vessel breach

This term represents the probability that pedestal wall failure 
due to fuel coolant interactions, or over pressurization from 
blowdown, occurs given low vessel breach.  Phase II SAMAs 
005, 006, 009, 013, and 024 were evaluated for risk 
reduction.  
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LATE_H20-4 1.00E+00 1.096 Late water supply available 
for debris bed cooling (Non-
SBO ECCS available plant 
damage states)

This term represents the probability that late water is not 
provided to cool core debris ex-vessel for non-SBO plant 
damage states.  Phase II SAMA 023, providing a means of 
flooding the debris bed to enhance debris coolability ex-
vessel, was evaluated.

RB-SPRAYS 1.00E+00 1.092 Reactor building sprays  (fire 
protection actuation) do not 
operate

This term represents the probability that reactor building 
sprays fail to mitigate fission product release into the reactor 
building.  Phase II SAMAs 008 and 022 for mitigating fission 
product release into the reactor building were evaluated.

DCOOL47-4 7.18E-01 1.089 Debris cooled given PDS-47 This term represents the probability that debris coolability 
does not occur given an ISLOCA outside containment with 
early core melt at high RPV pressure.  Phase II SAMAs 037 
and 038, to reduce the potential for ISLOCAs, were 
evaluated.  Also, SAMA 023, providing a means of flooding 
the debris bed to enhance debris coolability ex-vessel, was 
evaluated.

DCH_OCCURS 5.00E-01 1.082 DCH occurs given HPME 
phenomena 

This term represents the probability that direct containment 
heating occurs, given that high pressure melt ejection has 
occurred previously.  Phase II SAMAs 007 and 021, to 
provide a means for flooding the drywell head seal, and 
Phase II SAMA 019, to increase the temperature margin for 
drywell head seals such that if high drywell temperatures 
occur, the drywell head seal does not fail, were evaluated.

Table E.1-6 (Continued)
Correlation of Level II Risk Significant Terms to Evaluated SAMAs (Based on Large Early Release Frequency)

Event Name Probability RRW Event Description Disposition



                                                                                James A. FitzPatrick Nuclear Power Plant
Applicant’s Environmental Report

Operating License Renewal Stage

E.1-47

HPME_1 8.00E-01 1.082 High pressure melt ejection 
occurs with high pressure 

This term represents the probability that high pressure melt 
ejection occurs at high reactor pressure vessel pressure.  
Phase II SAMAs 007 and 021, to provide a means for 
flooding the drywell head seal, and Phase II SAMA 019, to 
increase the temperature margin for drywell head seals such 
that if high drywell temperatures occur, the drywell head seal 
does not fail, were evaluated.

CFE@VF_5 7.90E-02 1.076 Drywell failure – given DW 
pressure less than 30 psig, 
wet pedestal cavity, and DCH

This term represents the probability that containment failure 
results from pressure rise at vessel failure given drywell 
pressure less than 30 psig, water on the drywell floor and 
direct containment heating.  Phase II SAMAs 011, 014, 016, 
and 017 for enhancing containment integrity were evaluated.  
In addition, Phase II SAMA 013, addition of a reactor vessel 
exterior cooling system with the potential to cool a molten 
core before it causes vessel failure, was evaluated.

RPV-LOW47-1 3.84E-01 1.075 RPV pressure is low given 
PDS-47

This term represents the probability that RPV 
depressurization occurs subsequent to the occurrence of an 
ISLOCA outside containment with early core melt at high 
RPV pressure.  Phase II SAMAs Phase II SAMAs 037 and 
038, to reduce the potential for ISLOCAs, was evaluated.

LINER-MELT_2 6.00E-01 1.075 Liner melt-through given low 
RPV pressure with dry 
drywell 

This term represents the probability that direct liner melt 
attack fails containment at vessel breach, given low reactor 
vessel pressure and a dry drywell floor.  Phase II SAMAs 
026, 027, 030, 034, 036 (SBO coping), 041, 042, 043, 044, 
045, 046, 047, 048, and 049 (increased injection potential) 
were evaluated.  
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WWRBW 1.17E-01 1.072 Torus rupture below water 
line 

This term represents the probability of torus rupture below 
the water line.  Phase II SAMAs 007, 011, 014, 016, 017, 
019, and 021 for enhancing containment integrity were 
evaluated.

DWHL 1.91E-01 1.064 Drywell head leakage failure 
occurs 

This term represents the probability of drywell head leakage 
failure.  Phase II SAMAs 007, 019, and 021, providing 
means to reduce the likelihood of drywell head failure, were 
evaluated.

NO_RB-
NATURAL_4

5.00E-01 1.054 Natural deposition does not 
occur given containment 
failure at high elevation

This term represents the probability of reactor building failure 
to retain a significant fraction of the radionuclides released 
from the primary containment given containment failure at 
high elevation.  Phase II SAMAs 007, 011, 014, 016, 017, 
019, and 021 for enhancing containment integrity were 
evaluated.  In addition, SAMAs 008 and 022, for mitigating 
fission product release into the reactor building, were 
evaluated. 

PEDESTAL_FAIL-2 1.00E+00 1.053 Pedestal overpressure failure 
at high RPV pressure and 
large vessel breach 

This term represents the probability that pedestal wall failure 
due to fuel coolant interactions, or over pressurization from 
blowdown, occurs given high vessel breach and gross 
vessel breach.  Phase II SAMAs 005, 006, 009, 013, and 
024 were evaluated for risk reduction.  

ALPHA 1.00E-01 1.051 Given in-vessel FCI, 'ALPHA' 
mode failure, fails reactor and 
containment 

This term represents the probability of vessel and 
containment failure given an in-vessel fuel-coolant 
interaction.  Phase II SAMAs 040, 041, 042, 043, 044, 045, 
046, 047, 048, and 049 to increase injection potential were 
evaluated.
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SLUMP_2 1.00E-01 1.05 Core slump probability given 
CM >20% and no injection 

This term represents the probability of core slump to the 
lower head as a large mass, given no in-vessel injection.  
Phase II SAMAs 040, 041, 042, 043, 044, 045, 046, 047, 
048, and 049 for enhancing reactor vessel injection during 
transients, small LOCA, and SBO were evaluated.  

FCI_IV_2 8.60E-01 1.048 In-vessel fuel coolant 
interactions at low RPV 
pressure

This term represents the probability of a fuel-coolant 
interaction occurring inside the reactor vessel at low reactor 
vessel pressure.  Phase II SAMAs 040, 041, 042, 043, 044, 
045, 046, 047, 048, and 049 to increase injection potential 
were evaluated.

CWWR 7.31E-02 1.044 Torus bellows catastrophic 
rupture event

This term represents the probability of torus catastrophic 
rupture below the water line.  Phase II SAMAs 007, 011, 
014, 016, 017, 019, and 021 for enhancing containment 
integrity were evaluated.

PCF_OK-1 8.76E-01 1.041 Containment flooding initiated 
(NON-SBO RHRSW&FWXT 
OK plant damage states)

This term represents the probability that plant operators fail 
to align primary containment flooding in accordance with 
severe accident operating guidelines during non-SBO plant 
damages states.  Phase I SAMAs, including training to 
enhance the likelihood of success of operator action in 
response to accident conditions, have already been 
implemented.  No additional phase II SAMAs were 
recommended for this subject.
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HIGH_LIQUID_VB-
3

1.00E-01 1.04 Large molten debris mass in 
lower RPV head at low RPV 
pressure

This term represents the probability of having a large amount 
of mobile core debris when vessel breach occurs at low 
pressure.  Phase II SAMAs 040, 041, 042, 043, 044, 045, 
046, 047, 048, and 049 for enhancing reactor vessel 
injection during transients, small LOCA, and SBO were 
evaluated.  

LINER-MELT_3 6.00E-01 1.039 Liner melt-through given high 
RPV pressure, dry drywell, 
and no late water supply 

This term represents the probability that direct liner melt 
attack fails containment at vessel breach, given high reactor 
vessel pressure and no late water supply onto the drywell 
floor.  Phase II SAMAs 026, 027, 030, 034, 036 (SBO 
coping), 040, 041, 042, 043, 044, 045, 046, 047, 048, and 
049 (increased injection potential) were evaluated.  

RPV-VENTING_2 5.00E-02 1.038 RPV venting occurs given 
containment flooding and 
vessel failure 

This term represents the probability that reactor vessel 
venting occurs following containment flooding and vessel 
failure.  Phase II SAMA 013 was evaluated to consider the 
benefit of a reactor vessel exterior cooling system with the 
potential to cool a molten core before it causes vessel 
failure.  

WWRAW 6.93E-02 1.034 Torus rupture above water 
line

This term represents the probability of torus rupture above 
the water line.  Phase II SAMAs 007, 011, 014, 016, 017, 
019, and 021 for enhancing containment integrity were 
evaluated.
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NO-QUECH-5D 8.40E-01 1.033 No debris quench, given dry 
pedestal, low RPV pressure 
and late water supply ex-
vessel, and high superheat

This term represents the probability that debris is not 
quenched immediately after vessel failure, given no water on 
the drywell floor, low RPV pressure at vessel breach and late 
water supply for debris cooling after vessel breach and high 
superheat.  Phase II SAMA 023, providing a means of 
flooding the debris bed to enhance debris coolability ex-
vessel, was evaluated.

OP-NO-
VENT_LATE

1.00E-01 1.032 Plant operators do not vent 
containment late

This term represents the probability that plant operators fail 
to align primary containment venting via the torus vent path 
when torus cooling and drywell sprays failed to reduce 
drywell/torus pressure.  Phase I SAMAs, including 
improvement of procedures and installation of 
instrumentation to enhance the likelihood of success of 
operator action in response to accident conditions, have 
already been implemented.  Phase II SAMA 057 to control 
containment venting within a narrow pressure band to 
prevent rapid containment depressurization during venting 
was evaluated.

NO_DP_SRV 1.00E-01 1.032 RPV not depressurized by 
opening SRVs

This term represents the probability that plant operators fail 
to perform RPV depressurized prior to vessel breach by 
opening the SRVs.  Phase I SAMAs, including improvement 
of procedures and installation of instrumentation to enhance 
the likelihood of success of operator action in response to 
accident conditions, have already been implemented.  
Phase I SAMAs to enhance SRV reliability for RPV 
depressurization have also been implemented.  No Phase II 
SAMAs were recommended for this subject.
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HIGH_LIQUID_VB-
2

1.00E-01 1.028 Large molten debris mass in 
lower RPV head at high RPV 
pressure

This term represents the probability of having a large amount 
of mobile core debris when vessel breach occurs at high 
pressure.  Phase II SAMAs 040, 041, 042, 043, 044, 045, 
046, 047, 048, and 049 for enhancing reactor vessel 
injection during transients, small LOCA, and SBO were 
evaluated.  

PCI-RWCU-SBO1 1.00E+00 1.026 RWCU inboard suction valve 
12MOV15-remains open 
post-SBO

This term represents the probability of the inboard RWCU 
suction valve, 12MOV-15, remaining open during an SBO 
event.  At JAFNPP, primary containment isolation inboard 
valves are AC-powered while outboard valves are DC-
powered.  Hence, during an SBO event, RWCU suction line 
valve 12MOV-15 remains open.  However, because primary 
containment isolation valves are pairs of valves mounted in 
series and DC-power is available to close the outboard 
valve, in this case 12MOV-18, the probability of primary 
containment isolation failure under this scenario is low.  
Therefore, no potentially cost-beneficial SAMAs were 
postulated to mitigate this event

RWC-MOV-OO-
MOV18

3.05E-03 1.026 RWCU 12MOV-18 fails to 
close 

This term represents the probability of the outboard RWCU 
suction valve, 12MOV-18, failing to close during an SBO 
event.  
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NO_RB-
NATURAL_2

1.00E-01 1.025 Natural deposition does not 
occur given small 
containment failure 

This term represents the probability of reactor building failure 
to retain a significant fraction of the radionuclides released 
from the primary containment given a small primary 
containment failure.  Phase II SAMAs 007, 011, 014, 016, 
017, 019, and 021 for enhancing containment integrity were 
evaluated.  In addition, SAMAs 008 and 022, for mitigating 
fission product release into the reactor building, were 
evaluated.

RPV-LOW45-1 3.84E-01 1.024 RPV pressure is low given 
PDS-45

This term represents the probability that RPV 
depressurization occurs subsequent to a short-term ATWS 
with early containment failure and early core damage at high 
primary system pressure because of inadequate reactor 
water level following a loss of reactivity control.  Phase II 
SAMAs 004, 052, and 053 for enhancing ATWS migration 
capabilities were evaluated.

DWR 3.70E-02 1.021 Drywell line rupture event This term represents the probability of drywell rupture.  
Phase II SAMAs 007, 011, 014, 016, 017, 019, and 021 for 
enhancing containment integrity were evaluated.

WWLBW 3.64E-02 1.018 Torus leakage below water 
line

This term represents the probability of torus failure below the 
water line.  Phase II SAMAs 007, 011, 014, 016, 017, 019, 
and 021 for enhancing containment integrity were evaluated.
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OP_SPRAY_LATE
_1

5.20E-02 1.017 Operator does not align 
drywell sprays per SAOGs

This event represents operator failure to align drywell 
sprays.  Phase I SAMAs, including training to enhance the 
likelihood of success of operator action in response to 
accident conditions, have already been implemented.  
Phase II SAMA 010, installing a passive containment spray 
system, was evaluated.

SGT-RCK-NO-
M100A

2.50E-03 1.016 SGTS train 'A' decay heat 
cooling inlet valve 01-
125MOV-100A control circuit 
failure 

This term represents failure of the ‘A’ train standby gas 
treatment system to provide a means of effective fission 
product mitigation inside the reactor building during severe 
accident scenarios.  Phase II SAMA 008, enhancing fission 
product scrubbing, was evaluated.

SGT-RCK-NO-
M100B

2.50E-03 1.016 SGTS train 'B' decay heat 
cooling inlet valve 01-
125MOV-100B control circuit 
failure

This term represents failure of the ‘B’ train standby gas 
treatment system to provide a means of effective fission 
product mitigation inside the reactor building during severe 
accident scenarios.  Phase II SAMA 008, enhancing fission 
product scrubbing, was evaluated.

SGT-RCK-NO-
MOV11

2.50E-03 1.016 SGTS Rx Bldg suction above 
369EL isolation valve 01-
125MOV-11 control circuit 
failure

This term represents failure of the standby gas treatment 
system to provide a means of effective fission product 
mitigation inside the reactor building during severe accident 
scenarios.  Phase II SAMA 008, enhancing fission product 
scrubbing, was evaluated.

SGT-RCK-NO-
MOV12

2.50E-03 1.016 SGTS Rx Bldg suction below 
369EL isolation valve 01-
125MOV-12 control circuit 
failure 

This term represents failure of the standby gas treatment 
system to provide a means of effective fission product 
mitigation inside the reactor building during severe accident 
scenarios.  Phase II SAMA 008, enhancing fission product 
scrubbing, was evaluated.
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DCOOL47-2 2.23E-01 1.015 Debris cooled given PDS-47 This term represents the probability that debris coolability 
does not occur given an ISLOCA outside containment with 
early core melt at high RPV pressure.  Phase II SAMAs 037 
and 038, to reduce the potential for ISLOCAs, were 
evaluated.  Also, SAMA 023, providing a means of flooding 
the debris bed to enhance debris coolability ex-vessel, was 
evaluated.

DWL 2.88E-02 1.014 Small drywell line failure 
event

This term represents the probability of a small drywell failure.  
Phase II SAMAs 007, 011, 014, 016, 017, 019, and 021 for 
enhancing containment integrity were evaluated.

INJ-REC29-1 5.10E-01 1.008 In-vessel cooling available 
given PDS-29

This term represents the probability that in-vessel cooling is 
not restored prior to vessel breach for long-term SBO 
scenarios involving the loss of injection at high RPV 
pressure from battery depletion.  Phase II SAMAs 026, 027, 
028, 029, 030, 031, 032, 033, 034, 035, 061, and 062, for 
enhancing AC or DC system reliability or to cope with loss of 
offsite power and SBO events were evaluated.

FWS-CKV-CO-
FW28A

1.00E-03 1.008 Feedwater system 'A' supply 
inboard check 34FWS-28A 
fails to close on demand 

This term represents failure of the feedwater/condensate 
system to provide reactor vessel injection or containment 
isolation in the event that 12MOV-69 fails to close.  Phase II 
SAMAs 031, 040, 041, and 043 to enhance feedwater/
condensate system flow were evaluated.
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PCI-RDW-SBO1 1.00E+00 1.008 Drywell floor drain isolation 
valve 20MOV-82 remains 
open post SBO

This term represents the probability that the inboard drywell 
floor drain isolation valve, 20MOV-82, remains open during 
an SBO event.  Similar to event PCI-RWCU-SBO1, DC-
powered outboard drywell floor drain valve 20AOV-83 is 
available to perform the containment isolation function.  
Hence, the probability of containment isolation failure 
occurring in the drywell floor drain line is low.  Therefore, no 
potentially cost-beneficial SAMAs were postulated to 
mitigate this event.

PCI-RWCU-SBO2 1.00E+00 1.008 RWCU inboard return valve 
12MOV-69 remains open 
post SBO

This term represents the probability of the inboard RWCU 
return valve, 12MOV-69, remaining open during an SBO 
event.  During an SBO event, AC power to close 12MOV-69 
is not available, and it remains open.  However, similar to 
events PCI-RWCU-SBO1 and PCI-RDW-SBO1, a second 
valve failure must occur to result in a containment isolation 
failure.  For this event, primary containment isolation 
capability is provided by feedwater system check valve 
34FWS-28A, making the probability of primary containment 
isolation failure under this scenario low.  Therefore, no 
potentially cost-beneficial SAMAs were postulated to 
mitigate this event.

RDW-AOV-OO-
AOV83

1.00E-03 1.008 Drywell floor drain valve 
20AOV-83 fails to close

This term represents the probability of the outboard drywell 
floor suction valve, 20AOV-83 failing to close during an SBO 
event.  
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DWOT_FAIL 2.47E-01 1.007 Drywell failure results at low 
pressure from high drywell 
temperatures

This term represents the probability of a drywell failure due 
to high temperatures.  Phase II SAMAs 007, 019, and 021, 
reducing the likelihood of drywell head failure due to high 
temperatures, were evaluated.

EPOOL29-4 5.69E-01 1.007 No early torus bypass given 
PDS-29

This term represents the probability that no early torus 
bypass event occurs during a long-term SBO scenario 
involving the loss of injection at high RPV pressure from 
battery depletion.  Phase II SAMAs 026, 027, 028, 029, 030, 
031, 032, 033, 034, 035, 061, and 062, for enhancing AC or 
DC system reliability or to cope with loss of offsite power and 
SBO events were evaluated.

DWHR 1.04E-02 1.006 Drywell head rupture event This term represents the probability of drywell rupture.  
Phase II SAMAs 007, 011, 014, 016, 017, 019, and 021 for 
enhancing containment integrity were evaluated.

LATE_INJ-VF-1 8.88E-01 1.005 Late injection at vessel 
breach (given TW LPCI+CS 
FAIL PDS)

This term represents the probability that late injection is not 
available for both in-vessel and ex-vessel cooling given a 
loss of containment decay heat removal scenario.  Phase II 
SAMAs 040, 041, 042, 043, 044, 045, 046, 047, 048, and 
049 (increased injection potential) were evaluated.  Also, 
Phase II SAMAs 002, 010, 015, 057, and 058 were 
evaluated for containment pressure control.

Table E.1-6 (Continued)
Correlation of Level II Risk Significant Terms to Evaluated SAMAs (Based on Large Early Release Frequency)

Event Name Probability RRW Event Description Disposition
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LINER-MELT_4 1.00E-01 1.005 Liner melt-through given high 
RPV pressure, dry drywell, 
and late water supply 
availability 

This term represents the probability that direct liner melt 
attack fails containment at vessel breach, given high reactor 
vessel pressure and no late water supply onto the drywell 
floor.  Phase II SAMAs 026, 027, 030, 034, 036 (SBO 
coping), 040, 041, 042, 043, 044, 045, 046, 047, 048, and 
049 (increased injection potential) were evaluated.

CFE@VF_4 6.00E-03 1.005 Drywell failure given drywell 
pressure <30 psig, dry 
pedestal cavity and DCH

This term represents the probability that containment failure 
results from pressure rise at vessel failure given drywell 
pressure less than 30 psig, no water on the drywell floor and 
direct containment heating.  Phase II SAMAs 011, 014, 016, 
and 017 for enhancing containment integrity were evaluated.   
In addition, Phase II SAMA 013, addition of a reactor vessel 
exterior cooling system with the potential to cool a molten 
core before it causes vessel failure, was evaluated.

Table E.1-6 (Continued)
Correlation of Level II Risk Significant Terms to Evaluated SAMAs (Based on Large Early Release Frequency)

Event Name Probability RRW Event Description Disposition
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E.1.2.2 Radionuclide Analysis

E.1.2.2.1 Introduction

A major feature of a Level 2 analysis is the estimation of the source term for every possible 
outcome of the containment event tree (CET).  The CET end points represent the outcomes of 
possible in-containment accident progression sequences.  These end points represent complete 
severe accident sequences from initiating event to release of radionuclides to the environment.  
The Level 1 and plant system information is passed through to the CET evaluation in discrete 
PDS.  An atmospheric source term may be associated with each of these CET sequences.  
Because of the large number of postulated accident scenarios considered, mechanistic 
calculations (i.e., MAAP calculations) are not performed for every end-state in the CET.  Rather, 
accident sequences produced by the CET are grouped or “binned” into a limited number of 
release categories each of which represents all postulated accident scenarios that would 
produce a similar fission product source term.

The criteria used to characterize the release are the estimated magnitude of total release and the 
timing of the first significant release of radionuclides.  The predicted source term associated with 
each release category, including both the timing and magnitude of the release, is determined 
using the results of MAAP calculations. [Reference E.1-2]

E.1.2.2.2 Timing of Release

Timing completely governs the extent of radioactive decay of short-lived radioisotopes prior to an 
off-site release and therefore has a first-order influence on immediate health effects.  JAFNPP 
characterizes the release timing relative to the time at which the release begins, measured from 
the time of accident initiation.  Two timing categories are used: early (0-24 hours) and late 
(> 24 hours).

Based on MAAP calculations for a spectrum of severe accident sequences, JAFNPP expects 
that an Emergency Action Level (as defined by the JAFNPP Emergency Plan) will be reached 
within the first half hour after accident initiation.  Reaching an Emergency Action Level initiates a 
formal decision-making process that is designed to provide public protective actions.  Within 24 
hours of accident initiation, the Level 2 analysis assumed that off-site protective measures would 
be effective.  Therefore, the definitions of the release timing categories are as follows.

• Early releases are CET end-states involving containment failure prior to or at vessel 
failure or after vessel failure and occurring within 0 to 24 hours measured from the time of 
accident initiation and for which minimal offsite protective measures would be 
accomplished.

• Late releases are CET end-states involving containment failure greater than 24 hours 
from the time of accident initiation, for which offsite measures are fully effective.
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E.1.2.2.3 Magnitude of Release

Source term results from previous risk studies suggest that categorization of release magnitude 
based on cesium iodide (CsI) release fractions alone are appropriate [Reference E.1-3].  The CsI 
release fraction indicates the fraction of in-vessel radionuclides escaping to the environment  
(Noble gas release levels are non-informative since release of the total core inventory of noble 
gases is essentially complete given containment failure).

The source terms were grouped into four distinct radionuclide release categories or bins 
according to release magnitude as follows.

High

A radionuclide release of sufficient magnitude to have the potential to cause early 
fatalities.  This implies a total integrated release of > 10% of the initial core inventory of 
CsI [Reference E.1-3].1

Medium

A radionuclide release of sufficient magnitude to cause near-term health effects.  This 
implies a total integrated release of between 1% and 10% of the initial core inventory of 
CsI [Reference E.1-3].2

Low

A radionuclide release with the potential for latent health effects.  This implies a total 
integrated release of between 0.001% and 1% of the initial core inventory of CsI.

Negligible (No Containment Failure (NCF))

A radionuclide release that is less than or equal to the containment design base 
leakage.  This implies total integrated release of < 0.001% of the initial core inventory of 
CsI.

The "total integrated release" as used in the above categories is defined as the integrated 
release within 36 hours after RPV failure.  If no RPV failure occurs, then the "total integrated 
release" is defined as the integrated release within 36 hours after accident initiation.

1. Once the CsI source term exceeds 10 percent, the source term is large enough that doses above the 
early fatality threshold can sometimes occur within a population center a few miles from the site.

2. The reference document indicates that for CsI release fractions of 1 to 10 percent, the number of latent 
fatalities is found to be at least 10% of the latent fatalities for the highest release.
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E.1.2.2.4 Release Category Bin Assignments

Table E.1-7 summarizes the scheme used to bin sequences with respect to magnitude of 
release, based on the predicted CsI release fraction and release timing.  The combination of 
release magnitude and timing produce seven distinct release categories for source terms.  These 
are the representative release categories presented in Table E.1-8.

E.1.2.2.5 Mapping of Level 1 Results into the Various Release Categories

Plant Damage States (PDS) provide the interface between the Level 1 and Level 2 analyses (i.e. 
between core damage accident sequences and fission product release categories).  In the PDS 
analysis, Level 1 results were grouped ("binned") according to plant characteristics that define 
the status of the reactor, containment, and core cooling systems at the time of core damage.  
This ensures that systems important to core damage in the Level 1 event trees and the 
dependencies between containment and other systems are handled consistently in the Level 2 
analysis.  A PDS therefore represents a grouping of Level 1 sequences that defines a unique set 

Table E.1-7
Release Severity and Timing Classification Scheme Summary

Release Severity Release Timing

Classification 
Category

CsI %
Release

Classification
Category

Time of Initial Release
from Accident Initiation

High Greater than 10 Early (E) Less than 24 hours

Medium 1 to 10

Low 0.001 to 1 Late (L) Greater than 24 hours

Negligible Less than 0.001

Table E.1-8
JAFNPP Release Categories

Timing of 
Release

Magnitude of Release

Low Medium High

NCFEarly Early/Low Early/Medium Early/High

Late Late/Low Late/Medium Late/High
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of initial conditions that are likely to yield a similar accident progression through the Level 2 CETs 
and the attendant challenges to containment integrity.

From the perspective of the Level 2 assessment, PDS binning entails the transfer of specific 
information from the Level 1 to the Level 2 analyses.

Equipment Failures in Level 1

Equipment failures in support systems, accident prevention systems, and mitigation 
systems that have been noted in the Level 1 analysis are carried into the Level 2 
analysis.  In this latter analysis, the repair or recovery of failed equipment is not allowed 
unless an explicit evaluation, including a consideration of adverse environments where 
appropriate, has been performed as part of the Level II analysis.

RPV Status

The RPV pressure condition is explicitly transferred from the Level 1 analysis to the 
CET.

Containment Status

The containment status is explicitly transferred from the Level 1 analysis to the CET.  
This includes recognition of whether the containment is bypassed or is intact at the 
onset of core damage.

Accident Sequence Timing

Differences in accident sequence timing are transferred with the Level 1 sequences.  
Timing affects such sequences as SBO, internal flooding, and containment bypass 
(ISLOCA).

This transfer of information allows timing to be properly assessed in the Level 2 analysis.

Based on the above criteria, the Level 1 results were binned into 48 PDS.  These PDS define 
important combinations of system states that can result in distinctly different accident 
progression pathways and therefore different containment failure and source term 
characteristics.  Table E.1-9 provides a description of the JAFNPP PDS that are used to 
summarize the Level 1 results.
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Table E.1-9
Summary of JAFNPP Core Damage Accident Sequences Plant Damage States

PDS Description
Point 

Estimate 
(/ry)

% of 
CDF

PDS-1 Long-term LOCA with loss of high-pressure core makeup from 
HPCI and RCIC, loss of containment heat removal, and failure to 
depressurize the primary system for low-pressure core makeup.  
Core damage results at high primary system pressure.  Late 
injection from low-pressure systems (core spray, LPCI, and 
firewater) is available, provided primary system depressurization 
occurs.  The containment is vented and intact.

0.00E+00 0.00

PDS-2 Long-term LOCA with loss of both high-pressure core makeup 
(HPCI and RCIC) and containment heat removal.  Core damage 
results at high primary system pressure.  Because containment 
venting fails, containment failure occurs long-term.  Late injection 
is available from low-pressure systems (core spray, LPCI, and fire 
water) provided they survive containment failure.

1.44E-09 0.05

PDS-3 Short-term LOCA with loss of high-pressure core makeup and 
failure to depressurize the primary system for low-pressure core 
makeup.  Core damage occurs at high primary system pressure.  
Late injection from core spray, LPCI, and firewater is available, 
provided primary system depressurization occurs.  Containment 
heat removal is available.

1.60E-08 0.58

PDS-4 Short-term LOCA with loss of high-pressure core makeup, loss of 
containment heat removal, and failure to depressurize the primary 
system for low-pressure core makeup.  Core damage occurs at 
high primary system pressure.  Late injection from core spray, 
LPCI, and firewater is available, provided primary system 
depressurization occurs.  Unlike PDS-3, containment heat 
removal is unavailable.

0.00E+00 0.00

PDS-5 Long-term LOCA with loss of high-pressure core makeup and 
containment heat removal.  Core damage occurs at low primary 
system.  Late injection is available from low-pressure systems 
(core spray, LPCI, and fire water).  The containment is vented and 
intact.

3.02E-11 0.00

PDS-6 Long-term large LOCA.  High-pressure core makeup from HPCI 
and RCIC are unavailable due to the large LOCA.  Because 
containment venting fails, containment failure occurs long-term.  
Late injection is available from low-pressure systems (core spray, 
LPCI, and fire water) provided they survive containment failure.  
Core damage occurs at low primary system pressure.

6.73E-11 0.00
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PDS-7 Short-term large LOCA with loss of core cooling.  Core damage 
results at low primary system pressure.  Late injection from 
firewater cross tie and containment heat removal are available.

1.47E-09 0.05

PDS-8 Short-term large LOCA with loss of core cooling.  Core damage 
results at low primary system pressure.  Late injection from 
firewater cross tie is available.  However, unlike PDS-7, 
containment heat removal is unavailable.

0.00E+00 0.00

PDS-9 Short-term LOCA with loss of high and low-pressure core cooling.  
Because the primary system is depressurized, core damage 
results at low primary system pressure.  Late injection from 
RHRSW system, containment venting, and containment heat 
removal are available.

3.18E-10 0.01

PDS-10 Short-term LOCA with loss of high and low-pressure core cooling.  
Because the primary system is depressurized, core damage 
results at low primary system pressure.  Late injection from 
RHRSW system and containment heat removal are available.  
However, unlike PDS-9, containment venting is not available.

0.00E+00 0.00

PDS-11 Short-term LOCA with loss of high and low-pressure core cooling.  
Core damage results at low primary system pressure.  Late 
injection from RHRSW system is available.  However, unlike PDS-
9, containment venting and containment heat removal are 
unavailable.

0.00E+00 0.00

PDS-12 Transient with a loss of long-term decay heat removal.  Core 
damage results at high primary system pressure.  Late in-vessel 
and ex-vessel injection is available.  The containment is vented 
and remains intact at the time of core damage. 

2.63E-08 0.96

PDS-13 Transient with a loss of long-term decay heat removal.  Core 
damage results at high primary system pressure.  Late in-vessel 
and ex-vessel injection is available.  Unlike PDS-12, containment 
venting fails.

6.93E-07 25.24

PDS-14 Short-term transient with failure to depressurize the primary 
system.  Core damage results at high primary system pressure.  
Late in-vessel and ex-vessel injection is available.  Containment 
heat removal from RHR is available.

2.32E-07 8.44

Table E.1-9 (Continued)
Summary of JAFNPP Core Damage Accident Sequences Plant Damage States

PDS Description
Point 

Estimate 
(/ry)

% of 
CDF
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PDS-15 Short-term transient with failure to depressurize the primary 
system.  Core damage results at high primary system pressure.  
Late in-vessel and ex-vessel injection is available.  Containment 
heat removal from RHR is available.  However, containment 
venting is not available.

0.00E+00 0.00

PDS-16 Short-term transient with failure to depressurize the primary 
system.  Core damage results at high primary system pressure.  
Late in-vessel and ex-vessel injection is available.  Containment 
heat removal from RHR is not available, but containment venting 
is available.

1.07E-07 3.91

PDS-17 Short-term transient with failure to depressurize the primary 
system.  Core damage results at high primary system pressure.  
Late in-vessel and ex-vessel injection is available.  Neither 
containment heat removal from RHR nor containment venting is 
available.

0.00E+00 0.00

PDS-18 Transient with a loss of long-term decay heat removal.  Core 
damage results at low primary system pressure.  Late in-vessel 
and ex-vessel injection is available.  The containment is vented 
and remains intact at the time of core damage.

8.66E-08 3.16

PDS-19 Transient with a loss of long-term decay heat removal.  Core 
damage results at low primary system pressure.  Late in-vessel 
and ex-vessel injection is available.  Unlike PDS-18, containment 
venting fails.

8.19E-08 2.98

PDS-20 Long-term transients with loss of core cooling.  Core damage 
results at low primary system pressure.  No late injection, but 
containment heat removal is available.

2.06E-09 0.08

PDS-21 Short-term transients with loss of core cooling.  Core damage 
results at low primary system pressure.  Late injection, 
containment venting, and containment heat removal are available.

9.71E-09 0.35

PDS-22 Short-term transients with loss of core cooling.  Core damage 
results at low primary system pressure.  Late injection and 
containment heat removal are available.  However, containment 
venting is not available.

0.00E+00 0.00

Table E.1-9 (Continued)
Summary of JAFNPP Core Damage Accident Sequences Plant Damage States

PDS Description
Point 

Estimate 
(/ry)

% of 
CDF
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PDS-23 Short-term transients with loss of core cooling.  Core damage 
results at low primary system pressure.  Late injection and 
containment venting are available, but containment heat removal 
is not available.

2.87E-10 0.01

PDS-24 Similar to PDS-23, except that containment venting is not 
available.

0.00E+00 0.00

PDS-25 Short-term transients with loss of core cooling.  Core damage 
results at low primary system pressure.  No late injection, but 
containment heat removal and containment venting are available.

9.45E-10 0.03

PDS-26 Similar to PDS-25, except that containment venting is not 
available.

0.00E+00 0.00

PDS-27 Short-term transients with loss of core cooling.  Core damage 
results at low primary system pressure.  Late injection and 
containment heat removal are not available.  However, 
containment venting is available.

1.52E-09 0.06

PDS-28 Short-term transients with loss of core cooling.  Core damage 
results at low primary system pressure.  Late injection, 
containment heat removal, and containment venting are not 
available.

0.00E+00 0.00

PDS-29 Long-term SBO involving loss of injection at high primary system 
pressure from battery depletion.  All accident-mitigating functions 
are recoverable when AC power is restored.

1.28E-06 46.69

PDS-30 Short-term SBO sequence involving a loss of high-pressure 
injection at high primary system pressure from loss of all AC 
power and DC power or failure of SRVs.  All accident-mitigating 
functions are recoverable when offsite power is restored.

1.03E-08 0.37

PDS-31 Long-term SBO sequence involving a loss of high-pressure 
injection because of one/two stuck-open safety relief valve or 
long-term failure of HPCI/RCIC and subsequent failure to 
depressurize the primary system.  Core damage results at low 
primary system pressure.  All accident-mitigating functions are 
recoverable when offsite power is restored.

5.20E-09 0.19

Table E.1-9 (Continued)
Summary of JAFNPP Core Damage Accident Sequences Plant Damage States

PDS Description
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(/ry)

% of 
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PDS-32 Short-term SBO sequence involving a loss of high-pressure 
injection due to two stuck-open safety relief valves or failure of 
HPCI/RCIC and one stuck-open safety relief valve.  Core damage 
results at low primary system pressure.  All accident-mitigating 
functions are recoverable when offsite power is restored.

2.88E-11 0.00

PDS-33 Short-term large reactor vessel rupture.  The resulting loss of 
coolant is beyond the makeup capability of ECCS.  Core damage 
occurs in the short term at low primary system pressure.  Vessel 
injection and all forms of containment heat removal (RHR and 
containment venting) are available.  The containment is not 
bypassed and AC power is available.

1.00E-08 0.36

PDS-34 Similar to PDS-33, except that containment heat removal from 
RHR fails.

0.00E+00 0.00

PDS-35 Short-term large reactor vessel rupture.  The resulting loss of 
coolant is beyond the makeup capability of ECCS.  Core damage 
occurs in the short term at low primary system pressure.  Vessel 
injection is unavailable.  However, all forms of containment heat 
removal (RHR and containment venting) are available.  The 
containment is not bypassed and AC power is available.

0.00E+00 0.00

PDS-36 Similar to PDS-35, except that containment heat removal from 
RHR fails.

0.00E+00 0.00

PDS-37 Short-term ATWS with failure of SRVs to open to reduce primary 
system pressure.  The ensuing primary system over 
pressurization leads to a LOCA beyond core cooling capabilities.  
Late injection and containment heat removal are available.

5.49E-08 2.00

PDS-38 Short-term ATWS that leads to early core damage at low primary 
system pressure following successful reactivity control.  Late 
injection is not available.  However, containment heat removal is 
available.

6.91E-11 0.00

PDS-39 Similar to PDS-38, except that containment heat removal from the 
RHR system is not available.

4.06E-10 0.01

Table E.1-9 (Continued)
Summary of JAFNPP Core Damage Accident Sequences Plant Damage States

PDS Description
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PDS-40 Long-term ATWS that leads to late core damage at low primary 
system pressure following successful reactivity control.  Late 
injection is available; containment heat removal from the RHR is 
not available.  The containment is vented.

0.00E+00 0.00

PDS-41 Short-term ATWS that leads to early core damage at high primary 
system pressure following successful reactivity control.  Late 
injection and containment heat removal are available.

2.60E-08 0.95

PDS-42 Similar to PDS-41, except that containment heat removal from the 
RHR system is not available.

0.00E+00 0.00

PDS-43 Long-term ATWS that leads to late core damage at high primary 
system pressure following successful reactivity control.  Late 
injection is available; containment heat removal from the RHR is 
not available.  The containment is vented.

2.54E-11 0.00

PDS-44 Long-term ATWS that leads to late core damage at high primary 
system pressure following successful reactivity control.  Late 
injection is available.  However, containment heat removal from 
the RHR system and containment venting are not available.

0.00E+00 0.00

PDS-45 Short-term ATWS that leads to containment failure and early core 
damage at high primary system pressure because of inadequate 
reactor water level control following a loss of reactivity control.  
Late injection and containment venting are available.

7.01E-08 2.55

PDS-46 Short-term ATWS that leads to containment failure and early core 
damage at high primary system pressure because of inadequate 
reactor water level control following successful reactivity control.  
No late injection; however, containment venting is available.

0.00E+00 0.00

PDS-47 Unisolated LOCA outside containment with early core melt at high 
RPV pressure.

1.89E-08 0.69

PDS-48 Unisolated LOCA outside containment with early core melt at low 
RPV pressure.

6.95E-09 0.25

Table E.1-9 (Continued)
Summary of JAFNPP Core Damage Accident Sequences Plant Damage States
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The PDS designators listed in Table E.1-9 represent the core damage end state categories from 
the Level 1 analysis which are grouped together as entry conditions for the Level 2 analysis.  The 
Level 2 accident progression for each of the PDS is then evaluated using a single CET to 
determine the appropriate release category for each Level 2 sequence.  Each end state 
associated with a Level 2 sequence is assigned to one of the release categories depicted in 
Table E.1-8.  Note, however, that since not all the Level 2 sequences associated with each 
Level 1 plant damage state may be assigned to the same release category, there is no direct link 
between a specific Level 1 core damage PDS and Level 2 release category.  Rather, the sum of 
the Level 2 end state frequencies assigned to each release category determines the overall 
frequency of that release category.  The CET described in the Level 2 model determines the 
release category frequency attributed to each Level 1 core damage PDS.

Based on the above binning methodology, the salient Level 2 results are summarized in 
Table E.1-10.  Table E.1-10 summarizes the results of the CET quantification.  This table 
identifies the total annual release frequency for each Level 2 release category.

The following is a summary of dominant risk scenarios for each release bin.

No Containment Failure (NCF)

The most likely NCF release scenarios involve the occurrence of an SBO with recovery 
of AC power after core damage.  Restoration of AC power allows balance-of-plant 
systems, emergency core cooling systems, and containment heat removal systems to 
become operable.  Hence, vessel failure is precluded and containment integrity is not 
challenged.  Other dominant scenarios for this release bin involve the occurrence of 
plant transients with subsequent loss of high pressure injection (HPCI and RCIC) that 
proceeds to core damage at high RPV pressure.  Subsequently, RPV pressure is lower 
(via SRVs vessel depressurization), thereby allowing low-pressure systems to become 
available (LPCI, core spray, and RHRSW).  The low pressure systems are used to 
preclude vessel breach, to flood containment to prevent liner melt-through, or to quench 
core debris ex-vessel to prevent core-concrete interactions.   

Early High Release (LERF)

Early high releases are dominated by SBO, ATWS, and ISLOCA plant damage states.

The most probable SBO scenario involves loss of normal 115-kV power to the reserve 
station transformers, which trips the turbine generator.  The reactor is successfully 
scrammed.  Subsequently, onsite power from the EDG to the 4.160kV buses fails.  
SRVs open and reclose to relieve pressure transients resulting from the scram.  The 
resulting SBO renders all systems inoperable, except HPCI, RCIC, and the diesel-
driven firewater pump.  At a reactor water level of 126.5 inches above top-of-active-fuel, 
HPCI and RCIC automatically initiate.  HPCI injects water to control core water level.  To 
provide time to recover a source of onsite or offsite AC power, plant operators 
successfully shed DC loads.  This prolongs the life of the batteries to 4 hours.  However, 
attempts to recover offsite power are unsuccessful.  Therefore, after 7 hours (assuming 
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a 3-hour boil-off time), HPCI, RCIC, and SRVs fail because of battery depletion.  In 
addition, because the SRVs cannot maintain RPV pressure below the shutoff head of 
the diesel driven firewater pump, all means of RPV injection fail.  However, during the 
course of the accident progression, one SRV sticks open.  The ensuing core damage 
results at low RPV pressure.

The containment event tree assessment predicts that AC power is not restored following 
core damage.  Therefore, core melt and vessel breach at low RPV pressure result.  With 
a ‘dry’ drywell floor and no late water supply available for primary containment flooding, 
containment failure due to liner melt-through with low RPV pressure occurs.  The 
subsequent early release is considered large because containment failure bypasses the 
torus; thereby an effective means of scrubbing fission products in the torus pool is 
precluded.  In addition, without AC power, drywell spray, another means of fission 
product scrubbing, is precluded.

The most probable ATWS scenario involves a plant transient with MSIVs open that 
requires the reactor to scram.  The electrical portion of the RPS functions successfully.  
However, the mechanical portion of the RPS fails.  The recirculation pumps trip; 
however, extremely high power excursions occur either from a failure to override ADS or 
plant operator’s inability to control water level at top-of-active fuel (Failure to override 
ADS results in depressurization of the reactor to below the shutoff head of low-pressure 
injection systems such as LPCI and core spray.  Consequently, injection of LPCI or core 
spray results in power spikes associated with the rapid insertion of cold water from 
these high volume sources.).  Although the SRVs open to reduce reactor pressure, the 
inability to prevent high reactor water level results in a large steaming rate into the torus 
pool and eventual containment failure.  This sequence of events results in core damage 
with a bypassed containment.

The containment event tree assessment predicts early containment failure in the 
drywell, thereby bypassing the torus fission product scrubbing capabilities.  In addition, 
upon containment failure, all RPV injection and late water supply fail due to pipe 
ruptures inside the drywell or harsh reactor building environment.  The containment 
failure also results in reactor building bypass.   With no RPV injection and no late water 
supply, vessel breach occurs at low RPV pressure and is followed by core-concrete 
interaction.  Therefore, the combination of the above events results in large early 
release.

The most probable ISLOCA scenario involves an ISLOCA in the reactor building.  The 
breach is equivalent to a small LOCA.  Plant operators recognize that reactor building 
parameters have exceeded threshold values and primary coolant is accumulating in the 
reactor building.  However, because of the ISLOCA break size and location, isolation is 
not possible.  As a result, water lost from the primary coolant system and torus 
precludes long-term core cooling.  With inadequate RPV injection and failure to isolate 
the breached low-pressure piping pathway, core damage and a bypassed containment 
result.
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The containment event tree assessment indicates that core makeup systems are 
available (no random mechanical faults have occurred to disable system operation) and 
vessel breach occurs at medium RCS pressure due to the small ISLOCA break.  The 
release is large because the containment is bypassed at core damage.  As a result, the 
direct flow pathway from the RCS to outside the containment boundary eliminates the 
ability of natural processes and engineered safety systems (e.g., containment spray) to 
mitigate or attenuate the release of fission products from the core.

Early Medium Release

Early medium releases are dominated by SBO and ATWS plant damage states.  For 
both SBO and ATWS plant damage states, early medium release scenarios are similar 
to early high releases scenarios except that these sequences involve fission product 
removal via natural processes, drywell sprays, or reactor building mitigation.  In 
addition, unlike the early high release bins, torus bypass does not occur as frequently.  
The containment failure location is below the water line in the torus.  

Early Low Release

Early low release scenarios are similar to early medium release scenarios except that 
the most probable scenarios involve the availability of late water supply for ex-vessel 
cooling of core debris.

Late Medium Release

Late medium releases are dominated by SBO and loss of containment decay heat 
removal (TW) plant damage states.

The most probable SBO scenario involves a long-term SBO, in which containment 
failure occurs late, due to steam or noble gas overpressurization, basemat melt-through, 
or torus venting failures.

The most probable TW scenario is initiated by a transient resulting in loss of the power 
conversion system.  The reactor scrams, and AC offsite power is available.  The SRVs 
open and reclose to relieve pressure and HPCI is successful.  However, torus cooling 
and RHR containment sprays fail resulting in loss of containment heat removal.  Long 
term venting of the containment fails, resulting in containment failure.  All high pressure 
systems fail after containment failure, resulting in core damage.

The top cut set for this sequence entails maintenance on RHRSW loop B along with 
failure of RHRSW loop A valve 10MOV-89A resulting in loss of containment heat 
removal.  Operators fail to vent containment resulting in overpressurization and 
containment failure.  As a consequence, high-pressure system piping fails resulting in 
core damage.  Other key contributors to this sequence include combinations of common 
cause failures of RHRSW pumps.
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These releases are affected by natural fission product removal mechanisms 
(gravitational settling and plate-out onto cooler RPV and containment surfaces) that act 
on the radioactive airborne materials within the drywell and torus.

Late Low Release

Late low releases are dominated by TW and SBO plant damage states.  Late low 
release scenarios are similar to late medium release scenarios except that the most 
probable scenarios involve the availability of late water supply for ex-vessel cooling of 
core debris or late containment venting.

Nomenclature

Timing

L (late)  - greater than 24 hours
E (early)  - less than 24 hours

Magnitude

NCF (little to no release)  - less than 0.001% CsI
Low - 0.001% to 1% CsI 
Medium - 1% to 10% CsI
High - greater than 10% CsI

Table E.1-10
Summary of Containment Event Tree Quantification

JAFNPP IPE Model Revision 2

Release Category
(Timing/Magnitude)

Release Frequency
(Per ry)

Late Low 1.22E-06

Late Medium 5.46E-08

Late High 0.00E+00

Early Low 2.08E-07

Early Medium 2.92E-07

Early High 9.20E-08

No Containment Failure (NCF) 8.75E-07

Total 2.74E-06
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E.1.2.2.6 Consequence Analysis Source Terms

Input to the Level 3 JAFNPP model from the Level 2 model is a combination of radionuclide 
release fractions, timing of radionuclide releases, and frequencies at which the releases occur.  
This combination of information is used in conjunction with JAFNPP site characteristics in the 
Level 3 model to evaluate the off-site consequences of a core damage event.

Source terms were developed for the seven release categories identified in Table E.1-8. 
Table E.1-11 provides a summary of the Level 2 results that were used as Level 3 input for the 
JAFNPP SAMA analysis. 

Generating of specific source terms for the internal initiators resulted in hundreds of source terms 
for internal initiators.  As a result, it was not computationally feasible to perform a calculation with 
the MACCS2 [Reference E.1-4] consequence model for each of the source terms.  Therefore, 
the source terms presented in Table E.1.11 were grouped into three distinct source term bins: no 
containment failure, early release, and late release.

The frequency and release magnitude for the three consequence analysis source terms are as 
follows.

No Containment Failure Release Bin

Both the release bin frequency and release bin source term magnitude are the same as 
presented in Table E.1-11.  

Early Release Bin

The early release bin frequency is the sum of early high, early medium, and early low 
bin frequencies.  The release magnitude for the early release bin is conservatively 
assigned the value of the early high release bin presented in Table E.1-11.

Late Release Bin

The late release bin frequency is the sum of late medium and late low bin frequencies 
(the late high release category was excluded, as it was a negligible contributor).  The 
release magnitude for the late release bin is conservatively assigned the value of the 
late medium release bin presented in Table E.1-11.

Consequences corresponding to each of the release categories are developed in the JAFNPP 
Level 3 model, which is discussed in Section E.1.5.
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E.1.2.2.7 Release Magnitude Calculations

The MAAP computer code is used to assign both the radionuclide release magnitude and timing 
based on the accident progression characterization.  Specifically, MAAP provides the following 
information:

• containment pressure and temperature (time of containment failure is determined by 
comparing these values with the nominal containment capability);

• radionuclide release timing and magnitude for a large number of radioisotopes; and
• release fractions for twelve radionuclide species.
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Table E.1-11
JAFNPP Release Category Source Terms

Release 
Characterization

 
Frequency 

 (/ry)

Warning 
Time 
(sec)

Elevation 
(m)

Release 
Start 

(hours)

Release 
Duration 
(hours)

Release 
Energy 

(W)

1 NCF 8.75E-07 3.96E+03 3.00E+01 0.00E+00 3.60E+01 1.30E+07

2 Early High 9.20E-08 4.54E+03 3.00E+01 4.10E+00 4.50E+01 1.27E+07

3 Early Medium 2.92E-07 8.28E+03 3.00E+01 7.54E+00 4.18E+01 1.08E+07

4 Early Low 2.08E-07 4.34E+03 3.00E+01 3.93E+00 4.50E+01 1.28E+07

5 Late High 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

6 Late Medium 5.46E-08 2.88E+04 3.00E+01 3.63E+01 4.37E+01 2.50E+05

7 Late Low 1.22E-06 2.80E+04 3.00E+01 3.59E+01 4.03E+01 6.72E+05

Table E.1-11
JAFNPP Release Category Source Terms

(continued)

Release Fractions

NG  I Cs Te Sr Ru La Ce Ba

1 1.68E-04 1.12E-05 1.12E-05 5.27E-06 1.09E-07 1.93E-06 7.69E-09 7.32E-08 4.36E-07

2 8.30E-01 2.45E-01 2.45E-01 1.83E-01 1.37E-04 1.37E-04 1.61E-04 1.43E-03 1.72E-04

3 9.53E-01 2.41E-02 2.41E-02 1.96E-02 1.03E-04 5.20E-05 1.11E-04 9.83E-04 8.41E-05

4 9.67E-01 2.72E-03 2.72E-03 6.03E-03 8.57E-05 8.58E-05 8.59E-05 1.07E-04 8.52E-05

5 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

6 1.00E+00 6.04E-02 6.04E-02 4.71E-02 6.34E-03 7.89E-03 6.10E-03 6.31E-03 6.45E-03

7 8.04E-01 2.39E-03 2.39E-03 1.60E-03 4.26E-05 2.71E-04 2.77E-05 3.21E-05 7.66E-05
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E.1.3 IPEEE Analysis

E.1.3.1  Seismic Analysis

The seismic portion of the IPEEE was completed in conjunction with the SQUG program 
[References E.1-5 and E.1-6].  JAFNPP performed a seismic margin assessment (SMA) 
following the guidance of NUREG-1407, “Procedural and Submittal Guidance for the Individual 
Plant Examination of External Events (IPEEE) for Severe Accident Vulnerabilities”, June 1991 
[Reference E.1-7], and EPRI NP-6041-SL, Revision 1, “A Methodology for Assessment of 
Nuclear Power Plant Seismic Margin,” August 1991 [Reference E.1-8].  The SMA approach is a 
deterministic and conservative evaluation that does not calculate risk on a probabilistic basis.  
Therefore, its results should not be compared directly with the best-estimate internal events 
results.  Conservative assumptions in the seismic margin analysis include the following.

• Each of the sequences in the seismic margin assessment assumes unrecoverable loss of 
off-site power.  If off-site power was maintained, or recovered, following a seismic event, 
there would be many more systems available to maintain core cooling and containment 
integrity than are presently credited in the analysis.

• A single, conservative, surrogate element whose failure leads directly to core damage is 
used in the seismic risk quantification to model the most seismically rugged components.

• Because there is little industry experience with crew actions following seismic events, 
human actions were conservatively characterized.

The conclusions of the JAFNPP IPEEE seismic margin analysis are as follows:

• The overall plant HCLPF (High Confidence Low Probability of Failure) capacity at 
JAFNPP is 0.22g PGA.  This value reflects the plant modification to strengthen block 
walls EGB-272-6, 7, 9, and 10.  

• No unique decay heat removal vulnerabilities to seismic events were found.  Because the 
overall plant HCLPF capacity with respect to decay heat removal is estimated to be 0.30g 
PGA, it can be concluded that the decay heat removal pathways are seismically robust 
with a considerable margin above the 0.15g safe shutdown design basis earthquake.

• Seismic-induced flooding and fires do not pose major risks.

• No unique seismic-induced containment failure mechanisms were identified.

A number of plant improvements were identified and, as described in NUREG-1742 [Reference 
E.1-9], these improvements were implemented. 



                                     James A. FitzPatrick Nuclear Power Plant
Applicant’s Environmental Report

Operating License Renewal Stage

E.1-77

E.1.3.2 Fire Analysis

The JAFNPP internal fire risk model was performed in 1996 as part of the IPEEE submittal 
report.  The JAFNPP fire analysis was performed using EPRI’s Fire PRA Implementation Guide 
[Reference E.1-10].  The EPRI Fire Induced Vulnerability Evaluation method was used for the 
initial screening, for treatment of transient combustibles, and as the source of fire frequency data 
[Reference E.1-11].

Table E.1-12 presents the results of current JAFNPP IPEEE fire analysis.  The values presented 
in Table E.1-12 are the same as those listed in NUREG-1742 [Reference E.1-9].  These values 
reflect the re-evaluation of the IPEEE fire CDF results to include response to NRC questions/
issues regarding fire-modeling progression.

A number of plant improvements were identified and, are described in NUREG-1742.  These 
improvements have been implemented.  In addition, a number of administrative procedures were 
revised to improve combustible and flammable material control.

E.1.3.3 Other External Hazards

The JAFNPP IPEEE submittal, in addition to the internal fires and seismic events, examined a 
number of other external hazards:

• high winds and tornadoes;
• external flooding; and
• ice, hazardous chemical, transportation, and nearby facility incidents.

In consequence of the above external hazards evaluation, no plant modifications were required 
for JAFNPP.

No risks to the plant occasioned by high winds and tornadoes, external floods, ice, and 
hazardous chemical, transportation, and nearby facility incidents were identified that might lead 
to core damage with a predicted frequency in excess of 10-6/year.  Therefore, these other 
external event hazards are not included in this attachment and are not expected to impact the 
conclusions of this SAMA evaluation.
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Table E.1-12
JAFNPP Updated IPEEE Fire Events—Core Damage Frequency Results

Building/
Area

Fire 
Zone Description

Total 
Compartment

CDF (/yr)

Percent
Contribution

Battery room BR-1 Train A battery charger room 1 (Elev. 272) 2.40E-07 0.938

BR-2 Train A battery room 2 (Elev. 272) 4.62E-07 1.805

BR-3 Train B battery room 3 (Elev. 272) 3.30E-07 1.289

BR-4 Train B battery charger room 4 (Elev. 272) 1.04E-07 0.406

BR-5 Battery rooms corridor (Elev. 272) 8.50E-08 0.332

BR-4
/BR-1

Train B battery charger room 4 (Elev. 272)/ Train A battery charger room 1 
(Elev. 272)

2.24E-07 0.875

Cable spreading 
room

CS-1 Cable spreading room (Elev. 272) 6.57E-06 25.666

AD-3
/CS-1

Administration building, machine shop, locker rooms, stores and lunch room 
(Elev. 272)/ cable spreading room (Elev. 272)

1.37E-07 0.535

Control room CR-1 Main control room (Elev. 300) 3.00E-06 11.719

Cable tunnels CT-1 West cable tunnel  (Elev. 260) 7.21E-07 2.817

CT-2 East cable tunnel  (Elev. 260) 2.24E-07 0.875

CT-3 South cable tunnel/relay room (Elev. 286) 5.52E-07 2.156

CT-4 North cable tunnel/relay room (Elev. 286) 4.62E-07 1.805
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Diesel generator 
building

EG-5 EDG A and C switchgear room south  (Elev. 272) 1.32E-06 5.157

EG-6 EDG B and D switchgear room north  (Elev. 272) 6.05E-07 2.363

Electric bays SW-1 West electric bay (Elev. 272) 6.61E-10 0.003

SW-2 East electric bay (Elev. 272) 2.37E-10 0.001

Reactor building RB-1A Reactor building eastside (Elev. 272), southeast quadrant (Elev. 300), entire 
floor at Elev. 326, 344, and 369

2.25E-08 0.088

RB-1B Reactor building westside (Elev. 272) 1.35E-06 5.274

RB-1B Reactor building southwest quadrant (Elev. 300) 1.52E-07 0.594

RB-1C Reactor building northeast and northwest quadrants (Elev. 300) 2.19E-07 0.856

RB-1E Reactor building east crescent (Elev. 227 and 242) 1.02E-06 3.985

RB-1W Reactor building west crescent (Elev. 227 and 242) 9.52E-08 0.372

RB-1E
RB-1A

Reactor building east crescent (Elev. 227 and 242)/ reactor building eastside 
(Elev. 272), southeast quadrant (Elev. 300), entire floor at Elev. 326, 344, 
and 369

1.11E-07 0.434

MG-1
/RB-1C

Motor generator set room (Elev. 300) and fan room (Elev. 326.9)/reactor 
building northeast and northwest quadrants (Elev. 300)

2.06E-07 0.805

Table E.1-12 (Continued)
JAFNPP Updated IPEEE Fire Events—Core Damage Frequency Results

Building/
Area

Fire 
Zone Description

Total 
Compartment

CDF (/yr)

Percent
Contribution
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AD-3
/RB-1A

Administration  building machine shop, locker rooms, stores and lunch room 
(Elev. 272)/ reactor building eastside (Elev. 272), southeast quadrant (Elev. 
300), entire floor at Elev. 326, 344, and 369

2.54E-07 0.992

Relay room RR-1 Relay room (Elev. 286) 5.40E-06 21.095

RR-1
AD-4

Relay room (Elev. 286)/admin. bldg. office area, records area, computer 
rooms and technical support center (Elev. 286)/

3.80E-07 1.484

RR-1
/RB-1A

Relay room (Elev. 286)/ reactor building eastside (Elev. 272), southeast 
quadrant (Elev. 300), entire floor at Elev. 326, 344, and 369

1.33E-08 0.052

RR-1
/TB-1

Relay room (Elev. 286)/ turbine building (Elev. 252, 272, 292, 300) 1.33E-08 0.052

Turbine Building TB-1 Turbine room or hall or building (Elev. 252, 272, 292, 300) 3.73E-07 1.457

TB-1
/CT-2

Turbine building (Elev. 252, 272, 292, 300)/ east cable tunnel  (Elev. 260) 2.89E-07 1.129

TB-1
/RR-1

Turbine building (Elev. 252, 272, 292, 300)/ relay room (Elev. 286) 6.26E-07 2.445

Standby Gas 
Treatment 
Building

SG-1
/RB-1A

Standby gas filter room (Elev. 272)/ reactor building eastside (Elev. 272), 
southeast quadrant (Elev. 300), entire floor at Elev. 326, 344, and 369

3.72E-08 0.145

2.56E-05 100.0

Table E.1-12 (Continued)
JAFNPP Updated IPEEE Fire Events—Core Damage Frequency Results

Building/
Area

Fire 
Zone Description

Total 
Compartment

CDF (/yr)

Percent
Contribution
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E.1.4 PSA Model Peer Review and Difference between JAFNPP Revision 2 PSA Model 
and Original IPE Model

E.1.4.1 PSA Model Peer Review

The draft of the Revision 1 PSA model was peer reviewed in December 1997 using the BWROG 
PSA Peer Review Certification Implementation Guidelines.  Facts and Observation sheets 
documented the certification teams’ insights and potential level of significance.  The certification 
team concluded that the PSA model was sufficient to support meaningful rankings for the 
assessment of systems, structures, and components, when combined with deterministic insights, 
and would be fully capable of supporting absolute risk determination applications when footnoted 
items are addressed.  All issues and observations from the BWROG Peer Review (i.e., Level A, 
B, C, and D observations, including footnoted items) have been addressed and incorporated into 
the PSA model used for the SAMA analysis (JAFNPP Revision 2, October 2004). Therefore, the 
2004 PSA model is appropriate for use in the SAMA analysis.

For the PSA model update, individual work packages (event tree, fault tree, human reliability 
analysis (HRA), data, etc.), and internal flooding analysis were circulated to each PSA member 
for independent peer review.  The accident sequence packages, system work packages, HRA, 
and internal flooding analyses were also assigned to the appropriate JAFNPP plant personnel for 
review.  For example, event trees, system analyses, and fault tree models were forwarded to the 
applicable plant systems engineers and the HRA was assigned to individuals from the plant 
Operations Training department for review.  Similarly, the accident sequence packages, system 
work packages, HRA report, containment performance analysis, fault tree, and event tree 
models, and Level 2 models were peer reviewed by an outside consultant.

The Entergy license renewal project team and plant staff reviewed consequence and risk 
estimates for the SAMA analyses.

The peer review process emphasized the role of plant staff, external consultants, and BWROG 
PSA certification in this recent model update.  The peer reviews served to ensure the accuracy of 
both the assumptions made in the models and the results.  The results of the peer review and 
resolutions are presented in Section 5 of “James A FitzPatrick Nuclear Power Plant Individual 
Plant Examination for Internal Events,” Revision 2, October 2004 [Reference E.1-1].

E.1.4.2 Major Differences between the JAFNPP Revision 2 PSA Model and Original IPE 
Model

E.1.4.2.1 Core Damage—Comparison to the Original IPE Model

Significant changes have been made to the PSA models since completion of the original IPE.  
These changes were made to reflect new data, new calculations, and modifications to the plant 
design and procedures, and to incorporate results of the BWROG peer review.
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E.1.4.2.1.1 Changes to Calculations and Databases

This updated PSA made use of the following:

• an updated initiating event database that includes all scrams and a blackout event that 
occurred between 7/28/1975 and 12/31/2003;

• an updated component failure database that includes failure and unavailability data from 
the 8 years of plant operation between 1/1/1995 and 12/31/2002 (The updated database 
includes more common-cause failure equipment groups and reflects current on-line 
maintenance practices.); and

• revised calculation of station battery depletion time from 8 hours to 4 hours, decreasing 
the available time for recovery of loss of offsite power during an SBO event from 13 to 7 
hours. 

E.1.4.2.1.2 Changes to PSA Model and Data to Reflect Design and Procedure Modifications

Changes were made to the PSA model to reflect design and procedure modifications subsequent 
to the original IPE.  These modifications include the following.

• A modification to the fire protection system allows it to supply EDG jacket cooling water 
directly through the ESW system cross-tie.  This modification reduces the contribution to 
plant risk by the dominant SBO event.  A step to direct the operator to use this cross-tie 
has been incorporated in procedures.

• Bonnet vents were installed on the LPCI and core spray injection valves to preclude 
common-cause pressure locking of the valves.

• A new keylock bypass switch allows LPCI and core spray injection valves to be manually 
opened from the control room.  The switch can be used to help recover from reactor 
pressure permissive logic failures that cause low-pressure system injection valves to 
remain closed.  Use of this switch reduces the probability of core damage during LOCAs 
and transients with stuck open SRVs in which all low-pressure ECCSs are unavailable.

• A new keylock bypass switch allows HPCI auto-transfer on high suppression pool level to 
be bypassed from the control room, rather than the relay room.  This action is important in 
ATWS events with MSIVs closed and in handling other transients and LOCAs.  Steps 
directing operators to use this switch in accident sequences identified in the original IPE 
have been incorporated in procedures.

• RHR minimum flow bypass valves were changed from normally closed to normally open.  
This modification reduces the probability of pump damage as a result of loss of one 
emergency bus.
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• Switches were installed to permit transfer to the alternative power supply for LPCI 
injection valves to occur from the control room.

• RCIC enclosure fan power supply changed from an AC feed to an AC inverter feed from a 
DC power source.  This modification enhances the availability of RCIC enclosure 
ventilation during SBO events.

• SRV alternate actuation system and ATWS recirculation pump level trip were modified.

• Service, instrument, and breathing air compressors were replaced.

• RCIC turbine exhaust trip set points were increased.

• Operators are directed to enhance CRD flow in certain accident sequences.

• A new procedure directs operators to align the fire protection system to the tube side of 
the RHR heat exchanger in loss of containment heat removal accident sequences.

• Revised SBO procedures explicitly address bus recovery.

• Revised procedure directs operators to locally open valves 27AOV-117 and 27AOV-118 
should it not be possible to open these valves from the relay room during loss of 
containment heat removal sequences (provisions were made to permanently stage tools 
to allow for local manual operation of the vent valves).

• Improved technical specifications (ITS) and change of the ATTS (Analog Transmitter Trip 
System) instrumentation surveillance frequency from monthly to quarterly altered 
unavailability data. 

E.1.4.2.1.3 Changes to PSA Model to Incorporate Peer Review Recommendations

• The core damage definition was changed from the original definition given in NUREG/
CR-4550, “Analysis of Core Damage Frequency – Internal Events Methodology,” which 
defines core damage as reactor water level less than two feet above the bottom of the 
active fuel, to the definition given in EPRI Report TR-105396, “PSA Applications Guide,” 
which defines core damage as peak clad temperatures greater than or equal to 2200°F.  
The greatest impact of the change in core damage definition was a decrease in time 
available for operators to perform post-accident actions and thus an increase in the 
human error probabilities (HEPs) for certain actions.

• Additional initiating events and associated event trees were added for loss of non-
safeguard 4.16kv AC buses 10300 and 10400, loss of condensate system, loss of 
instrument air system, loss of ultimate heat sink, loss of reactor water vessel level 
instrumentation reference leg, and manual shutdown.  These additional event trees 
contributed to an increased CDF contribution from containment heat removal. 
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• The event tree modeling structure was revised to move the containment pressure control 
function before the core cooling injection function.  In addition, continued operation of 
both HPCI and RCIC during an accident that involves a loss of containment heat removal 
is precluded because primary system depressurization would be required on HCTL (High 
Capacity Temperature Limit).  These changes contributed to an increased CDF 
contribution from the loss of containment heat removal.

• Fault trees were modified to include additional common-cause equipment failure groups 
such as fans, check valves, dampers, and electrical and I&C components (circuit 
breakers, relays, and transmitters).  In addition, the common cause failure analysis was 
revised to incorporate NRC-recommended alpha factor methodology.

• The loss of DC battery control board models were revised to assume loss of all AC power 
in the same division in which there is a loss of DC power.  

• A catastrophic common cause failure of both 125V DC battery control boards 71BCB-2A 
and 71BCB-2B was included as an initiator, which results in an SBO with loss of HPCI 
and RCIC and subsequent core damage. 

• A catastrophic, non-recoverable failure of the reactor pressure vessel was included as an 
initiator.  This resulted in a higher LOCA contribution to the overall CDF.

• Core damage sequences which entail immediate loss of high pressure systems, such as 
HPCI or RCIC, were revised to directly result in core damage upon a subsequent failure 
to manually depressurize the reactor vessel.  Operators are directed to inhibit ADS for 
transients and ATWS events.  Therefore, a failure to manually depressurize the reactor 
will fail ADS.

• The standby liquid control (SLC) system model was changed to result in core damage 
following failure to initiate SLC.  This change, along with updated human reliability 
probabilities increased the ATWS contribution to CDF.

• The offsite power recovery model was revised to reflect loss of offsite power events in 
NUREG/CR-5496, "Evaluation of Loss of Offsite Power Events at Nuclear Power Plants: 
1980-1996," in conjunction with the EPRI TR-1009889, “Losses of Off-site Power at U.S. 
Nuclear Power Plants-Through 2003.” 

• The human reliability analysis was updated to incorporate emergency operating 
procedure changes, DC power load shedding to extend battery life in the event of an 
SBO, use of the firewater crosstie to RHR/LPCI injection path through RHRSW loop A, 
and alignment of CST flow to the core spray system for core cooling during a loss of the 
ultimate heat sink.
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• The 125VDC power system fault tree model logic pertaining to battery and charger failure 
was changed from an “AND” gate to an “OR” gate (NRC SDP notebook benchmarking 
comment). 

• Rupture of fire protection system piping and fire suppression effects analysis were 
considered in the internal flooding analysis. 

• The accident sequence quantification truncation limit was lowered from 10-9 to 10-11.  
This resulted in the inclusion of more accident sequence minimal cut sets, raising the 
overall CDF. 

E.1.4.2.2 Containment Performance—Comparison to the Original IPE Model

Noteworthy changes have been made to the Large Early Release PSA model since completion 
of the original IPE.  These changes were made to reflect updated Level 2 methodology and to 
incorporate recommendations from the BWROG peer review.

E.1.4.2.2.1 Changes Due to Updated Containment Performance Methodology 

• The original IPE Level 2 model was transferred into the same software used for the 
Level 1 model (changed from Event Progress Analysis Code-EVNTRE to CAFTA).

• The Level 1 and Level 2 models are now one integrated fault tree model; propagation of 
Level 1 cutsets to the Level 2 CET was developed.  This ensures that mitigating systems 
degraded in Level 1 sequences are not considered in the containment event fault tree 
models.

• A detailed LERF model was developed to ensure that LERF calculations are consistent 
with the PSA Applications Guide and NRC requirements for Reg. Guide 1.174 [Reference 
E.1-12].

• Because transients initiated by a loss-of-containment heat removal (TW) result in 
containment failure more than six hours after the initiation of the event, these events are 
now considered late releases instead of early releases.  The removal of TW sequences 
decreases the LERF contribution.

• The probabilities of drywell liner melt-through from core debris melt were changed to 
reflect current industry understanding of the impact of water on the drywell floor.  Analysis 
by Theofanous [Reference E.1-13] indicates a liner melt-through probability of 10-4 or 
less for low-pressure sequences with a flooded drywell and a probability of 0.6 for dry 
drywell and low RPV pressure.  This change contributes to a decreased LERF 
contribution from drywell liner melt-through failure.
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• JAFNPP Severe Accident Operating Guidelines (SAOGs) mitigating strategies for 
primary containment flooding, drywell sprays, and reactor vessel depressurization were 
modeled.

• Containment event fault tree models were revised to allow credit for AC power recovery 
following core damage.  This ensures that the models do not allow SBO core damage 
sequences to benefit from AC supported equipment in Level 2 without explicit 
consideration of AC power recovery.  This change increases the LERF, since potential 
mitigating actions from plant systems that rely on AC power must consider AC power 
restoration.

E.1.4.2.2.2 Changes to Containment Performance PSA Model to Incorporate Peer Review 
Recommendations

• Included the ISLOCA and vessel rupture plant damage states in the containment 
performance analysis to ensure that the LERF contribution is captured. 

• Revised model to include the impact of high containment pressure and high RPV 
pressure on early containment failure.  The combination of high containment pressure 
concurrent with RPV failure at high pressure increases the likelihood of early containment 
failure and therefore, contributes to an increase in LERF.

• Included primary containment flooding and RPV venting as directed by the SAOGs.

• Incorporated containment failure due hydrogen phenomena given deinerted containment.

• The primary containment isolation fault tree model was updated to reflect the failure of a 
greater number of containment isolation valves.  In addition, the primary containment 
isolation fault tree takes into consideration the potential for either a large or small pre-
existing containment leak.

• Incorporated a number of operator actions for severe accident mitigation.

• Incorporated a containment failure mode related to flooding and loss of vapor 
suppression, accounted for RPV venting, and considered the drywell spray initiation limit 
curve in the assessment of drywell spray viability.

E.1.5 The MACCS2 Model—Level 3 Analysis

E.1.5.1 Introduction

SAMA evaluation relies on Level 3 PRA results to measure the effects of potential plant 
modifications.  A Level 3 PRA model using the MELCOR Accident Consequences Code System 
Version 2 (MACCS2) [Reference E.1-4] was created for JAFNPP.  This model, which requires 
detailed site-specific meteorological, population, and economic data, estimates the 
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consequences in terms of population dose and offsite economic cost.  Risks in terms of 
population dose risk (PDR) and offsite economic cost risk (OECR) were also estimated in this 
analysis.  Risk is defined as the product of consequence and frequency of an accidental release.

This analysis considers a base case and two sensitivity cases to account for variations in data 
and assumptions for postulated internal events.  The base case uses estimated time and speed 
for evacuation.  Sensitivity case 1 is the base case with delayed evacuation.  Sensitivity case 2 is 
the base case with lower evacuation speed.

PDR was estimated by summing over all releases the product of population dose and frequency 
for each accidental release.  Similarly, OECR was estimated by summing over all releases the 
product of offsite economic cost and frequency for each accidental release.  Offsite economic 
cost includes costs that could be incurred during the emergency response phase and costs that 
could be incurred through long-term protective actions.

E.1.5.2 Input

The following sections describe the site-specific input parameters used to obtain the off-site dose 
and economic impacts for cost-benefit analyses.

E.1.5.2.1 Projected Total Population by Spatial Element

The total population within a 50-mile radius of JAFNPP was estimated for the year 2034, the end 
of the proposed license renewal period, for each spatial element by combining total resident 
population projections with transient populations.  The 2034 permanent population was 
estimated by extrapolating the county-level resident projections (2000 to 2030) obtained from the 
New York Statistical Information System to the target year (2034) using least squares regression.  
The 2034 transient population was assumed to be the 2003 transient to population ratio 
multiplied by the extrapolated permanent population.  The 2003 transient data were obtained 
from the Northern New York Travel and Tourism Research Center.  Table E.1-13 shows the 
estimated population distribution.
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Table E.1-13
Estimated Population Distribution within a 50-Mile Radius

Sector 0-10
Miles

10-20
Miles

20-30
Miles

30-40
Miles

40-50
Miles

50-Mile
Total

N 2 0 478 1,575 10,083 12,138

NNE 2 175 4,478 7,760 15,097 27,512

NE 4 2,956 8,730 10,887 14,197 36,774

ENE 49 6,652 11,603 6,731 3,458 28,493

E 1,273 7,189 11,900 8,657 8,292 37,311

ESE 2,528 7,576 12,341 25,316 31,724 79,485

SE 2,349 6,556 14,600 26,380 23,200 73,085

SSE 2,245 6,907 42,086 69,218 88,045 208,501

S 2,496 7,098 46,518 62,901 53,488 172,501

SSW 2,445 7,427 10,201 15,406 15,227 50,706

SW 2,484 6,304 13,959 23,198 27,139 73,084

WSW 414 242 464 5,874 18,417 25,411

W 26 0 0 0 0 26

WNW 7 0 0 0 875 882

NW 3 0 0 989 9,520 10,512

NNW 2 0 10 42 2,619 2673

Total 16,329 59,082 177,368 264,934 321,381 839,094
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E.1.5.2.2 Land Fraction

The land fraction for each spatial element was estimated within the 50-mile radius area.  The 
National Hydrography Dataset was used to estimate the extent of land and surface water 
coverage.

E.1.5.2.3 Watershed Class

There are two watershed types in the 50-mile zone surrounding JAFNPP:  large lake and land 
drained by rivers.  For JAFNPP, spatial elements comprised of 10% or more Lake Ontario were 
treated as large lake.  All other areas were treated as land drained by rivers.

E.1.5.2.4 Regional Economic Data

County level economic data were obtained from the US Department of Agriculture for 2002.

Region Index

Each spatial element was assigned to an economic region, defined in this report as a 
county.  Where a spatial element covers portions of more than one county, it was 
assigned to that county having the most area within the element.

VALWF—Value of Farm Wealth

MACCS2 requires an average value of farm wealth (dollars/hectare) for the 50-mile 
radius area around JAFNPP.  The county-level farmland property value was used as a 
basis for deriving this value.  VALWF is $4,645/hectare.

VALWNF—Value of Non-Farm Wealth

MACCS2 also requires an average value of non-farm wealth.  The county-level non-
farm property value was used as a basis for deriving this value.  VALWNF is $99,351/
person.

Other economic parameters and their values are shown below.  The values were obtained by 
adjusting the economic data from a past census given as default values in Reference E.1-4 with 
the consumer price index of 179.9, which is the average value for the year 2002, as appropriate.
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E.1.5.2.5 Agriculture Data

The source of regional crop information is the 2002 Census of Agriculture.  The crops listed for 
each county within the 50-mile area were summed and mapped into the seven MACCS2 crop 
categories.

E.1.5.2.6 Meteorological Data

The MACCS2 model requires meteorological data for wind speed, wind direction, atmospheric 
stability, accumulated precipitation, and atmospheric mixing heights.  The required data was 
obtained from the Nine Mile Point / JAFNPP meteorological monitoring system and regional 
National Weather Service stations.

JAFNPP meteorological monitoring system, which is operated jointly with Nine Mile Point 
nuclear, includes both primary and backup systems.  The primary meteorological system was the 
data source for the MACCS2 input file.  Based on a review of annual meteorological data 
collected at the site between 1985 and 2001, data from calendar year 1994 were selected for the 
MACCS2 input file.  The year 1994 was considered to be a representative year because data of 
interest contained no significant extremes and reflected average meteorological conditions at the 
site.  Over 98% of the hourly observations in 1994 were recorded successfully.  Missing data for 
parameters of interest were estimated using data substitution methods.  These methods include 
interpolation between valid data and substitution of valid data collected from upper elevations on 
the met tower.

Variable Description Value

EVACST Daily cost for a person who has been evacuated ($/person-day) 43.0

POPCST Population relocation cost ($/person) 7960

RELCST Daily cost for a person who is relocated ($/person-day) 43.0

CDFRM0 Cost of farm decontamination for the various levels of 
decontamination ($/hectare)

895.5
1990

CDNFRM Cost of non-farm decontamination for the various levels of 
decontamination ($/person)

4776
12736

DLBCST Average cost of decontamination labor ($/person-year) 55721

DPRATE Property depreciation rate (per year) 0.2

DSRATE Investment rate of return (per year) 0.12
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Mixing height is defined as the height of the atmosphere above ground level within which a 
released contaminant will become mixed (from turbulence) within approximately one hour.  
JAFNPP mixing height data were estimated using the ground-level and upper-air data from the 
National Weather Service.

E.1.5.2.7 Emergency Response Assumptions

A detailed analysis of evacuation scenarios in EPZ were addressed in the JAFNPP evacuation 
travel time estimate study.  The study was conducted in 2003 and provides an analysis of the 
range and variation of public reaction to the evacuation notification process.

The elapsed time between the issuance of an evacuation notification and the beginning of the 
public evacuation is 2.25 hours.  A sensitivity case that assumes 4.5 hours for evacuees to begin 
evacuation was considered in this study to evaluate consequence sensitivities due to 
uncertainties in delay time.

Evacuation travel speed ranges from 5.7 miles/hour (2.5 meters/second) to 3.1 miles/hour 
(1.4 meters/sec).  The average evacuation speed was conservatively estimated to be 
approximately 4.4 miles/hour (2.0 meters/second).  A sensitivity case that assumes a lower 
evacuation speed of 1.0 meter/second was considered in this study to evaluate consequence 
sensitivities due to uncertainties in evacuation speed.

The entire population (or 100% of the population) within the 10-mile emergency planning zone 
was assumed to evacuate.

E.1.5.2.8 Core Inventory

The estimated JAFNPP core inventory (Table E.1-14) used in the MACCS2 input is based on a 
power level of 2536 MWt.
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Table E.1-14
JAFNPP Core Inventory (Becquerels)1

Nuclide Inventory Nuclide Inventory Nuclide Inventory

Co-58 1.44E+16 Ru-103 3.46E+18 Cs-136 1.06E+17

Co-60 1.72E+16 Ru-105 2.31E+18 Cs-137 2.38E+17

Kr-85 2.35E+16 Ru-106 9.41E+17 Ba-139 4.69E+18

Kr-85m 8.55E+17 Rh-105 1.72E+18 Ba-140 4.62E+18

Kr-87 1.55E+18 Sb-127 2.18E+17 La-140 4.72E+18

Kr-88 2.10E+18 Sb-129 7.57E+17 La-141 4.36E+18

Rb-86 1.32E+15 Te-127 2.11E+17 La-142 4.19E+18

Sr-89 2.60E+18 Te-127m 2.84E+16 Ce-141 4.20E+18

Sr-90 1.84E+17 Te-129 7.10E+17 Ce-143 4.09E+18

Sr-91 3.38E+18 Te-129m 1.87E+17 Ce-144 2.72E+18

Sr-92 3.53E+18 Te-131m 3.59E+17 Pr-143 4.00E+18

Y-90 1.97E+17 Te-132 3.51E+18 Nd-147 1.79E+18

Y-91 3.18E+18 I-131 2.42E+18 Np-239 5.33E+19

Y-92 3.55E+18 I-132 3.56E+18 Pu-238 3.71E+15

Y-93 4.03E+18 I-133 5.08E+18 Pu-239 9.39E+14

Zr-95 4.18E+18 I-134 5.57E+18 Pu-240 1.18E+15

Zr-97 4.31E+18 I-135 4.79E+18 Pu-241 2.02E+17

Nb-95 3.96E+18 Xe-133 5.09E+18 Am-241 2.06E+14

Mo-99 4.56E+18 Xe-135 1.21E+18 Cm-242 5.44E+16

Tc-99m 3.94E+18 Cs-134 3.97E+17 Cm-244 2.93E+15

1. Derived from Reference E.1-14 for a power level of 2536 MWth with an increase of  25% for long 
half-life nuclides Sr-90, Cs-134, and Cs-137 to reflect the average core exposure at JAFNPP
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E.1.5.2.9 Source Terms

Three release categories, corresponding to internal event sequences, were part of the MACCS2 
input.  Section E.1.2.2.6 provides details of the source terms for postulated internal events.  A 
linear release rate was assumed between the time the release started and the time the release 
ended.

E.1.5.3 Results

Risk estimates for one base case and two sensitivity cases were analyzed with MACCS2. The 
base case assumes 2.25 hours delay and 2.0 meter/sec speed of evacuation.  Sensitivity Case 1 
is the base case with delayed evacuation of 4.5 hours.  Sensitivity Case 2 is the base case with 
an evacuation speed of 1.0 meter/sec.

Table E.1-15 shows estimated base case mean risk values for each release mode. The 
estimated mean values of PDR and offsite OECR for JAFNPP are 1.63 person-rem/yr and 
$3,340/yr, respectively.

Table E.1-15
Base Case Mean PDR and OECR Values

Release 
Mode

Frequency 
(/yr)

Population 
Dose

 (person-sv)1

1. 1 sv = 100 rem

Offsite 
Economic 
Cost ($)

Population 
Dose Risk 

(PDR) 
(person-rem/yr)

Offsite 
Economic 
Cost Risk 

(OECR) ($/yr)

NCF 8.75E-07 9.15E+00 6.06E+05 8.01E-042

2. 8.01E-04 (person-rem/yr) =  8.75E-07 (/yr) x 9.15E+00 (person-sv) x 100 (rem/sv)

5.30E-01

EARLY 5.92E-07 1.28E+04 2.75E+09 7.58E-01 1.63E+03

LATE 1.28E-06 6.81E+03 1.34E+09 8.69E-01 1.71E+03

Totals 1.63E+00 3.34E+03
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Results of sensitivity analyses indicate that a delayed evacuation or a lower evacuation speed 
would not have any significant effects on the offsite consequences or risks determined in this 
study.  Table E.1-16 summarizes offsite consequences in terms of population dose (person-sv) 
and offsite economic cost ($) for the base case and the sensitivity cases.  Comparison of the 
consequences indicates that the maximal deviation is less than 1% between the base case 
population dose and the Sensitivity Case 1 population dose for release mode EARLY.

Table E.1-16
Summary of Offsite Consequence Sensitivity Results

Population Dose (person-sv) Offsite Economic Cost ($)

Release 
Mode Base Case 

4.5-hr 
Delayed 

Evacuation

Lower 
Speed of  

Evacuation
Base Case 

4.5-hr 
Delayed 

Evacuation

Lower 
Speed of  

Evacuation

NCF 9.146E+00 9.149E+00 9.149E+00 6.06E+05 6.06E+05 6.06E+05

Early 1.275E+04 1.279E+04 1.277E+04 2.75E+09 2.75E+09 2.75E+09

Late 6.810E+03 6.810E+03 6.810E+03 1.34E+09 1.34E+09 1.34E+09
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E.2 EVALUATION OF SAMA CANDIDATES

This section describes the generation of the initial list of potential SAMA candidates, screening 
methods, and the analysis of the remaining SAMA candidates.

E.2.1 SAMA List Compilation

A list of SAMA candidates was developed by reviewing industry documents and considering 
plant-specific enhancements not identified in published industry documents.  Since JAFNPP is a 
conventional GE nuclear power reactor, considerable attention was paid to the SAMA candidates 
from SAMA analyses for other GE plants.  Industry documents reviewed include the following. 

• Hatch SAMA Analysis (Reference E.2-1) 
• Calvert Cliffs Nuclear Power Plant SAMA Analysis (Reference E.2-2)
• GE ABWR SAMDA Analysis (Reference E.2-3)
• Peach Bottom SAMA Analysis (Reference E.2-4) 
• Quad Cities SAMA Analysis (Reference E.2-5) 
• Dresden SAMA Analysis (Reference E.2-6) 
• Arkansas Nuclear One Unit 2 SAMA Evaluation (Reference E.2-7)

The above documents represent a compilation of most SAMA candidates developed from the 
industry documents.  These sources of other industry documents include the following.

• Limerick SAMDA cost estimate report (Reference E.2-8)
• NUREG-1437 description of Limerick SAMDA (Reference E.2-9)
• NUREG-1437 description of Comanche Peak SAMDA (Reference E.2-10)
• Watts Bar SAMDA submittal (Reference E.2-11)
• TVA response to NRC’s RAI on the Watts Bar SAMDA submittal (Reference E.2-12)
• Westinghouse AP600 SAMDA (Reference E.2-13)
• NUREG-0498, Watts Bar Final Environmental Statement, Supplement 1, Section 7 

(Reference E.2-14)
• NUREG-1560, Volume 2, NRC Perspectives on the IPE Program (Reference E.2-15)
• NUREG/CR-5474, Assessment of Candidate Accident Management Strategies 

(Reference E.2-16)

In addition to SAMA candidates from review of industry documents, SAMA candidates were 
obtained from plant-specific sources, such as the JAFNPP IPE and updates (Reference E.2-17) 
and IPEEE (Reference E.2-18).  In the original IPE, PSA model updates, and IPEEE several 
enhancements related to severe accident insights were recommended and implemented.  The 
JAFNPP Revision 2 PSA levels 1 and 2 models were also used to identify plant-specific 
modifications for inclusion in the comprehensive list of SAMA candidates.  The risk significant 
terms from the JAFNPP Revision 2 PSA model were reviewed for similar failure modes and 
effects that could be addressed through a potential enhancement to the plant.  The correlation 
between SAMAs and the risk significant terms are listed in Table E.1-2 and Table E.1-6.
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The comprehensive list contained a total of 293 phase I SAMA candidates and is available in 
onsite documentation.

E.2.2 Qualitative Screening of SAMA Candidates (Phase I)

The purpose of the preliminary SAMA screening was to eliminate from further consideration 
enhancements that were not viable for implementation at JAFNPP.  Potential SAMA candidates 
were screened out if they modified features not applicable to JAFNPP, if they had already been 
implemented at JAFNPP, or if they were similar in nature and could be combined with another 
SAMA candidate to develop a more comprehensive or plant-specific SAMA candidate.  During 
this process, 64 of the phase I SAMA candidates were screened out because they were not 
applicable to JAFNPP, 7 of the phase I SAMA candidates were screened out because they were 
similar in nature and could be combined with another SAMA candidate, and 159 of the phase I 
SAMA candidates were screened out because they had already been implemented at JAFNPP, 
leaving 63 SAMA candidates for further analysis.  The final screening process involved 
identifying and eliminating those items whose implementation cost would exceed their benefit as 
described below.  Table E.2-1 provides a description of each of the 63 phase II SAMA 
candidates.

E.2.3 Final Screening and Cost Benefit Evaluation of SAMA Candidates (Phase II)

A cost/benefit analysis was performed on each of the remaining SAMA candidates.  If the 
implementation cost of a SAMA candidate was determined to be greater than the potential 
benefit (i.e. there was a negative net value) the SAMA candidate was considered not to be cost 
beneficial and was not retained as a potential enhancement.

The expected cost of implementation of each SAMA was established from existing estimates of 
similar modifications.  Most of the cost estimates were developed from similar modifications 
considered in previously performed SAMA and SAMDA analyses.  In particular, these cost-
estimates were derived from the following major sources.

• GE ABWR SAMDA Analysis (Reference E.2-3)
• Peach Bottom SAMA Analysis (Reference E.2-4)
• Quad Cities SAMA Analysis (Reference E.2-5)
• ANO-2 SAMA Analysis (Reference E.2-7)

The cost estimates did not include the cost of replacement power during extended outages 
required to implement the modifications, nor did they include contingency costs associated with 
unforeseen implementation obstacles.  Estimates based on modifications that were implemented 
or estimated in the past were presented in terms of dollar values at the time of implementation (or 
estimation), and were not adjusted to present-day dollars.  In addition, several implementation 
costs were originally developed for SAMDA analyses (i.e., during the design phase of the plant), 
and therefore, do not capture the additional costs associated with performing design 
modifications to existing plants (i.e., reduced efficiency, minimizing dose, disposal of 
contaminated material, etc.).  Therefore, the cost estimates were conservative.
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The benefit of implementing a SAMA candidate was estimated in terms of averted 
consequences.  The benefit was estimated by calculating the arithmetic difference between the 
total estimated costs associated with the four impact areas for the baseline plant design and the 
total estimated impact area costs for the enhanced plant design (following implementation of the 
SAMA candidate).

Values for avoided public and occupational health risk were converted to a monetary equivalent 
(dollars) via application of the NUREG/BR-0184 (Reference E.2-19) conversion factor of $2,000 
per person-rem and discounted to present value.  Values for avoided off-site economic costs 
were also discounted to present value.

As this analysis focuses on establishing the economic viability of potential plant enhancement 
when compared to attainable benefit, detailed cost estimates often were not required to make 
informed decisions regarding the economic viability of a particular modification.  Several of the 
SAMA candidates were clearly in excess of the attainable benefit estimated from a particular 
analysis case.

For less clear cases, engineering judgment on the cost associated with procedural changes,
engineering analysis, testing, training, and hardware modification was applied to determine if a
more detailed cost estimate was necessary to formulate a conclusion regarding the economic
viability of a particular SAMA.  Based on a review of previous submittals’ SAMA evaluations and
an evaluation of expected implementation costs at JAFNPP, the following estimated costs for
each potential element of the proposed SAMA implementation were used.

In most cases, more detailed cost estimates were not required, particularly if the SAMA called for 
the implementation of a hardware modification.  Nonetheless, the cost of each unscreened 
SAMA candidate was conceptually estimated to the point where conclusions regarding the 
economic viability of the proposed modification could be adequately gauged.  The cost-benefit 
comparison and disposition of each of the 63 phase II SAMA candidates is presented in 
Table E.2-1.

Type of Change Estimated Cost Range

Procedural only $25K-$50K

Procedural change with engineering required $50K-$200K

Procedural change with engineering and testing/training 
required

$200K-$300K

Hardware modification $100K to >$1000K
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Bounding evaluations (or analysis cases) were performed to address specific SAMA candidates 
or groups of similar SAMA candidates.  These analysis cases overestimated the benefit and thus 
were conservative calculations.  For example, one SAMA candidate suggested installing a digital 
feedwater upgrade system.  The bounding calculation estimated the benefit of this improvement 
by total elimination of risk due to loss of feedwater event (see analysis in phase II SAMA 040 of 
Table E.2-1).  This calculation obviously overestimated the benefit, but if the inflated benefit 
indicated that the SAMA candidate was not cost-beneficial, then the purpose of the analysis was 
satisfied.

A description of the analysis cases used in the evaluation follows.

Additional Emergency Service Water Pump

This analysis case was used to evaluate the change in plant risk from installing an 
additional emergency service water pump.  An additional emergency service water 
pump reduces the impact of common cause failures on the emergency service water 
system.  A bounding analysis was performed by setting the CDF contribution due to the 
common cause failures of two emergency service water pumps to start and to continue 
to run to zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $18,416.  This analysis case was used to model the benefit of phase II 
SAMA 1.

Decay Heat Removal Capability – Torus Cooling

This analysis case was used to evaluate the change in plant risk from installing an 
additional decay heat removal system.  Enhancements of decay heat removal capability 
decrease the probability of loss of containment heat removal.  A bounding analysis was 
performed by setting the events for loss of the torus cooling mode of the RHR system to 
zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $161,552.  This analysis case was used to model the benefit of phase II 
SAMAs 2 and 15.

Decay Heat Removal Capability – Drywell Spray

This analysis case was used to evaluate the change in plant risk from installing an 
additional decay heat removal system.  Enhancements of decay heat removal capability 
decrease the probability of loss of containment heat removal.  A bounding analysis was 
performed by setting the events for loss of the drywell spray mode of the RHR system to 
zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $158,368.  This analysis case was used to model the benefit of phase II 
SAMA 10.

Filtered Vent

This analysis case was used to evaluate the change in plant risk from installing a filtered 
containment vent to provide fission product scrubbing.  A bounding analysis was 
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performed by reducing the successful torus venting accident progression source terms 
by a factor of 2 to reflect the additional filtered capability, which resulted in an upper 
bound benefit of approximately $65,440.  This analysis case was used to model the 
benefit of phase II SAMAs 3 and 20.

Containment Vent for ATWS Decay Heat Removal

This analysis case was used to evaluate the change in plant risk from installing a 
containment vent to provide alternate decay heat removal capability during an ATWS 
event.  A bounding analysis was performed by setting the ATWS sequences associated 
with containment bypass to zero in the level 1 PSA model, which resulted in an upper 
bound benefit of approximately $112,080.  This analysis case was used to model the 
benefit of phase II SAMAs 4 and 52.

Molten Core Debris Removal

This analysis case was used to estimate the change in plant risk from providing a 
molten core debris cooling mechanism.  A bounding analysis was performed by setting 
containment failure due to core-concrete interaction (not including liner failure) to zero in 
the level 2 PSA model, which resulted in an upper bound benefit of approximately 
$55,104.  This analysis case was used to model the benefit of phase II SAMAs 5, 6, 9, 
and 24.

Drywell Head Flooding

This analysis case was used to evaluate the change in plant risk from providing a 
modification to flood the drywell head such that if high drywell temperature occurred, the 
drywell head seal would not fail.  A bounding analysis was performed by setting the 
probability of drywell head failure due to high temperature to zero in the level 2 PSA 
model, which resulted in no benefit.  This analysis case was used to model the benefit of 
phase II SAMAs 7, 19, and 21.

Reactor Building Effectiveness

This analysis case was used to evaluate the change in plant risk by ensuring the reactor 
building is available to provide effective fission product removal.  Reactor building 
effectiveness was conservatively modeled by assuming reactor building availability for 
all accident sequences.  This resulted in no benefit.  This analysis case was used to 
model the benefit of phase II SAMAs 8, 14, and 22.

Strengthen Containment

This analysis case was used to evaluate the change in plant risk from strengthening 
containment to reduce the probability of containment over-pressurization failure.  A 
bounding analysis was performed by setting all energetic containment failure modes 
(direct containment heating (DCH), steam explosions, late over-pressurization) to zero 
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in the level 2 PSA model, which resulted in an upper bound benefit of approximately 
$120,544.  This analysis case was used to model the benefit of phase II SAMAs 11, 16, 
17, and 25.

Base Mat Melt-Through

This analysis case was used to evaluate the change in plant risk from increasing the 
depth of the concrete base mat to ensure base mat melt-through does not occur.  A 
bounding analysis was performed by setting containment failure due to base mat melt-
through to zero in the level 2 PSA model, which resulted in an upper bound benefit of 
approximately $1,712.  This analysis case was used to model the benefit of phase II 
SAMA 12.

Reactor Vessel Exterior Cooling

This analysis case was used to evaluate the change in plant risk from providing a 
method to perform ex-vessel cooling of the lower reactor vessel head.  A bounding 
analysis was performed by modifying the probability of vessel failure by a factor of two 
to account for ex-vessel cooling in the level 2 PSA model, which resulted in an upper 
bound benefit of approximately $27,552.  This analysis case was used to model the 
benefit of phase II SAMA 13.

Vacuum Breakers

This analysis case was used to evaluate the change in plant risk from improving the 
reliability of vacuum breakers to reseat following a successful opening and eliminate 
suppression pool scrubbing failures from the containment analysis.  A bounding 
analysis was performed by setting the vacuum breaker failure probability to zero in the 
level 1 PSA model, which resulted in an upper bound benefit of approximately $89,552.  
This analysis case was used to model the benefit of phase II SAMA 18.

Flooding the Rubble Bed

This analysis case was used to evaluate the change in plant risk from providing a 
source of water to the drywell floor to flood core debris.  A bounding analysis was 
performed by substituting the probabilities of wet core concrete interactions for dry core 
concrete interactions in the level 2 PSA model, which resulted in an upper bound benefit 
of approximately $13,776.  This analysis case was used to model the benefit of phase II 
SAMA 23.

DC Power

This analysis case was used to evaluate the change in plant risk from plant 
modifications that would increase the availability of Class 1E DC power (e.g., increasing 
battery capacity, using fuel cells, or extending SBO injection provisions).  It was 
assumed that battery life could be significantly extended from the existing battery 
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capacity.  This enhancement would extend HPCI and RCIC operability and allow more 
credit for AC power recovery.  A bounding analysis was performed by changing the time 
available to recover offsite power before HPCI and RCIC are lost from 7 hours to 24 
hours during SBO scenarios in the level 1 PSA model.  This resulted in an upper bound 
benefit of approximately $837,840.  This analysis case was used to model the benefit of 
phase II SAMAs 26, 27, 30, 34, and 36.

Improve DC System

This analysis case was used to evaluate the change in plant risk from improving 
injection capability by auto-transfer of AC bus control power to a standby DC power 
source upon loss of the normal DC source or from enhancing procedure to make use of 
DC bus cross-tie to improve DC power availability and reliability.  A bounding analysis 
was performed by setting the loss of DC battery control boards BCB-2A initiator to zero 
in the level 1 PSA model, which resulted in an upper bound benefit of approximately 
$18,160.  This analysis case was used to model the benefit of phase II SAMAs 29 and 
35.

Alternate Pump Power Source

This analysis case was used to evaluate the change in plant risk from adding a small, 
dedicated power source such as a dedicated diesel or gas turbine for the feedwater or 
condensate pumps so that they do not rely on offsite power.  A bounding analysis was 
performed by setting failure of the normal power supply to condensate pumps to zero in 
level 1 PSA model, which resulted in an upper bound benefit of approximately $13,248.  
This analysis case was used to model the benefit of phase II SAMA 31.

Incorporate Alternate Battery Charging Capability

This analysis case was used to evaluate the change in plant risk from incorporate 
alternate battery charging capability to improve DC power reliability by cross-tying AC 
buses or installing a portable diesel driven battery charger.  A bounding analysis was 
performed by setting failure of both DC battery chargers 71BC-1A and 71BC-1B to zero 
in the level 1 PSA model, which resulted in an upper bound benefit of approximately 
$33,808.  This analysis case was used to model the benefit of phase II SAMA 28 and 
61.

Dedicated DC Power and Additional Batteries and Divisions

This analysis case was used to evaluate the change in plant risk from plant 
modifications that would provide motive power to components (e.g., providing a 
dedicated DC power supply, additional batteries, or additional divisions).  A bounding 
analysis was performed by setting the loss of DC battery control board BCB-2A initiator 
to zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $18,160.  This analysis case was used to model the benefit of phase II 
SAMAs 32 and 33. 
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Locate RHR Inside Containment

This analysis case was used to evaluate the change in plant risk from moving the RHR 
system inside containment to prevent an RHR system ISLOCA event outside 
containment.  A bounding analysis was performed by setting the RHR ISLOCA 
sequences to zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $13,248.  This analysis case was used to model the benefit of phase II 
SAMA 37.

ISLOCA

This analysis case was used to evaluate the change in plant risk from reducing the 
probability of an ISLOCA by increasing the frequency of valve leak testing.  A bounding 
analysis was performed by setting the ISLOCA initiator to zero in the level 1 PSA model, 
which resulted in an upper bound benefit of approximately $28,752.  This analysis case 
was used to model the benefit of phase II SAMA 38.

MSIV Design

This analysis case was used to evaluate the change in plant risk from improving MSIV 
design to decrease the likelihood of containment bypass scenarios.  A bounding 
analysis was performed by setting the containment bypass failure due to MSIV leakage 
to zero in the level 2 PSA model, which resulted in an upper bound benefit of 
approximately $89,552.  This analysis case was used to model the benefit of phase II 
SAMA 39.

Digital Feedwater Upgrade

This analysis case was used to evaluate the change in plant risk from installing a digital 
feedwater upgrade to reduce the probability of a loss of main feedwater following a plant 
trip.  A bounding analysis was performed by setting the loss of main feedwater initiator 
to zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $13,248.  This analysis case was used to model the benefit of phase II 
SAMA 40.

Ability for Emergency Connections of Alternate Water Sources to Feedwater/
Condensate 

This analysis case was used to evaluate the change in plant risk from providing the 
ability for emergency connections of alternate water sources to feedwater/condensate 
system for RPV injection during LOCAs and transients.  A bounding analysis was 
performed by setting the CDF contribution due to the failure of alternate injection from 
feedwater/condensate system to zero in the level 1 PSA model, which resulted in an 
upper bound benefit of approximately $13,248.  This analysis case was used to model 
the benefit of phase II SAMA 41.
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Diesel to Condensate Storage Tank (CST) Makeup Pumps

This analysis case was used to evaluate the change in plant risk from installing an 
independent diesel for the CST makeup pumps to allow continued operation of the high 
pressure injection system during an SBO event.  As currently modeled, if CST water 
level is low, swapping HPCI/RCIC suction from the CST to the torus allows continued 
HPCI/RCIC injection.  Therefore, a bounding analysis was performed by setting the 
failure to switchover from CST to torus to zero in the level 1 PSA model, which resulted 
in an upper bound benefit of approximately $9,552.  This analysis case was used to 
model the benefit of phase II SAMA 42.

Install Motor-Driven Feedwater Pump

This analysis case was used to evaluate the change in plant risk from installing a motor-
driven feedwater pump to enhance the availability of feed water injection subsequent to 
MSIV closure.  A bounding analysis was performed by setting the CDF contribution due 
to the failure of steam-driven feedwater pumps to zero in the level 1 PSA model, which 
resulted in no benefit.  This analysis case was used to model the benefit of phase II 
SAMA 43.

High Pressure Injection System

This analysis case was used to evaluate the change in plant risk from plant 
modifications that would increase the availability of high pressure injection (e.g., 
installing an independent AC powered high pressure injection system, passive high 
pressure injection system, or an additional high pressure injection system).  A bounding 
analysis was performed by setting the CDF contribution due to unavailability of the HPCI 
system to zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $33,808.  This analysis case was used to model the benefit of phase II 
SAMAs 44, 45, 46, 48, and 49.

Improve the Reliability of High Pressure Injection System

This analysis case was used to evaluate the change in plant risk from plant 
modifications that would increase the reliability of the high pressure injection system.  A 
bounding analysis was performed by reducing the HPCI system failure probability by a 
factor of three in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $24,256.  This analysis case was used to model the benefit of phase II 
SAMA 47.

Ability to Align Diesel Power to Air Compressors

This analysis case was used to evaluate the change in plant risk from providing the 
ability for aligning emergency diesel power to all normal and backup air compressors to 
increase the reliability of instrument air after a loss offsite power event.  A bounding 
analysis was performed by setting the failure probability of normal electrical power 
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supply to all air compressors by a factor of ten in the level 1 PSA model, which resulted 
in no benefit.  This analysis case was used to model the benefit of phase II SAMA 50.

SRV Reseat

This analysis case was used to evaluate the change in plant risk from improving the 
reliability of SRVs reseating.  A bounding analysis was performed by setting the stuck 
open SRVs initiator and SRVs failing to re-close to zero in the level 1 PSA model, which 
resulted in an upper bound benefit of approximately $73,152.  This analysis case was 
used to model the benefit of phase II SAMA 51.

Diversity of Explosive Valves

This analysis case was used to evaluate the change in plant risk from providing an 
alternate means of opening a pathway to the RPV for SLC system injection, thereby 
improving success probability for reactor shutdown.  A bounding analysis was 
performed by setting common cause failure of SLC explosive valves to zero in the level 
1 PSA model, which resulted in no benefit.  This analysis case was used to model the 
benefit of phase II SAMA 53.

Passive Overpressure Relief

This analysis case was used to evaluate the change in plant risk from installing passive 
overpressure relief in the containment vent path to prevent catastrophic failure of 
containment during the loss of containment heat removal sequences.  A bounding 
analysis was performed by reducing the CDF contribution of successful containment 
venting accident sequences by a factor of two in the level 1 PSA model, which resulted 
in an upper bound benefit of approximately $41,744.  This analysis case was used to 
model the benefit of phase II SAMA 54.

CRD Flow Control Valve Failure Position

This analysis case was used to evaluate the change in plant risk from changing the 
CRD flow control valve position from failing closed to failing open upon loss of 
instrument air to improve the availability of the CRD system.  A bounding analysis was 
performed by setting the CDF contribution from loss of the CRD system to zero in the 
level 1 PSA model, which resulted in no benefit.  This analysis case was used to model 
the benefit of phase II SAMA 55.

Large Break LOCA

This analysis case was used to evaluate the change in plant risk from installing a digital 
large break LOCA protection system.  A bounding analysis was performed by setting the 
large break LOCA initiator to zero in the level 1 PSA model, which resulted in no benefit.  
This analysis case was used to model the benefit of phase II SAMA 56.
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Controlled Containment Venting

This analysis case was used to evaluate the change in plant risk from changing the 
containment venting procedure to establish a narrow pressure control band.  This would 
prevent rapid containment depressurization when venting, thus avoiding adverse impact 
on the ability of the low pressure ECCS injection systems to take suction from the torus.  
A bounding analysis was performed by reducing the probability of the operator failing to 
recognize the need to vent the torus by a factor of three in the level 1 PSA model, which 
resulted in an upper bound benefit of approximately $295,152.  This analysis case was 
used to model the benefit of phase II SAMA 57.

Cross-Tie of Fire Protection to RHR Loop B via RHRSW Loop B

This analysis case was used to evaluate the change in plant risk from installing a cross-
tie from the fire protection system to RHR loop B heat exchanger via RHRSW loop B, for 
alternate decay heat removal during loss of containment heat removal sequences.  A 
bounding analysis was performed by setting the CDF contribution from failure of the 
cross-tie from the fire protection system to RHR loop A heat exchanger via RHRSW 
loop A to zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $8,352.  This analysis case was used to model the benefit of phase II 
SAMA 58.

Cross-Tie between RHRSW Loops A and B

This analysis case was used to evaluate the change in plant risk from installing a cross-
tie between RHRSW loops A and B downstream of the RHRSW pumps discharge valve.  
This design modification would to enhance the availability of RHRSW system injection 
and heat removal capabilities during LOCAs and transients.  A bounding analysis was 
performed by setting the CDF contribution due to failure of RHRSW loop B to zero in the 
level 1 PSA model.  This resulted in an upper bound benefit of approximately $225,168.  
This analysis case was used to model the benefit of phase II SAMA 59. 

Improvements on Turbine Bypass Valve Capability

This analysis case was used to evaluate the change in plant risk from improving the 
availability of the turbine bypass valve to reduce the CDF during a transient.  A 
bounding analysis was performed by setting the loss of power conversion system 
initiator to zero in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $166,880.  This analysis case was used to model the benefit of phase II 
SAMA 60.

Proceduralize Opening the EDG Building Doors

This analysis case was used to evaluate the change in plant risk from providing a 
procedure to open the EDG building doors upon receipt of a high temperature alarm to 
improve the reliability of the EDGs during LOCAs and transients.  A bounding analysis 
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was performed by reducing the failure probability of both EDGs to continue to run by a 
factor of three in the level 1 PSA model, which resulted in an upper bound benefit of 
approximately $463,600.  This analysis case was used to model the benefit of phase II 
SAMA 62.

Additional Reactor Vessel Monitoring and Actuation System 

This analysis case was used to evaluate the change in plant risk from providing 
additional reactor vessel level instrumentation.  A bounding analysis was performed by 
setting the loss of instrument reference leg initiator to zero in the level 1 PSA model, 
which resulted in an upper bound benefit of approximately $28,224.  This analysis case 
was used to model the benefit of phase II SAMA 63. 

E.2.4 Sensitivity Analyses

Two sensitivity analyses were conducted to gauge the impact of assumptions upon the analysis.  
The benefits estimated for each of these sensitivities are presented in Table E.2-2.

A description of each sensitivity case follows.

Sensitivity Case 1: Years Remaining Until End of Plant Life

The purpose of this sensitivity case was to investigate the sensitivity of assuming a 
28-year period for remaining plant life (i.e., eight years on the original plant license plus 
the 20-year license renewal period).  The 20-year license renewal period was used in 
the base case.  The resultant monetary equivalent was calculated using 28 years 
remaining until end of facility life to investigate the impact on each analysis case.  
Results of this sensitivity case for one SAMA (034) were slightly higher than the 
estimated cost.  However, due to conservatisms in the benefit estimates and the 
sensitivity case results, and the fact that most of the costs were estimated only to the 
point of obtaining reasonable assurance that they were higher than the base case 
benefit estimate, SAMA 034 is not considered cost-effective.

Sensitivity Case 2: Conservative Discount Rate

The purpose of this sensitivity case was to investigate the sensitivity of each analysis 
case to the discount rate.  The discount rate of 7.0% used in the base case analyses is 
conservative relative to corporate practices.  Nonetheless, a lower discount rate of 3.0% 
was assumed in this case to investigate the impact on each analysis case.  Results of 
this sensitivity case for one SAMA (034) were slightly higher than the estimated cost.  
However, due to conservatisms in the benefit estimates and the sensitivity case results, 
and the fact that most of the costs were estimated only to the point of obtaining 
reasonable assurance that they were higher than the base case benefit estimate, SAMA 
034 is not considered cost-effective.



                                                                   James A. FitzPatrick Nuclear Power Plant
Applicant’s Environmental Report

Operating License Renewal Stage

E.2-13

E.2.5 References

E.2-1 Appendix D–Attachment F, Severe Accident Mitigation Alternatives Submittal Related to 
Licensing Renewal for the Edwin I. Hatch Nuclear Power Plant Units 1 and 2, March 
2000.

E.2-2 NUREG-1437, Generic Environmental Impact Statement for License Renewal of 
Nuclear Plants, Calvert Cliffs Nuclear Power Plant, Supplement 1, U.S. Nuclear 
Regulatory Commission, February 1999.

E.2-3 General Electric Nuclear Energy, Technical Support Document for the ABWR, 
25A5680, Revision 1, January 18, 1995.

E.2-4 Appendix E— Environmental Report, Appendix G, Severe Accident Mitigation 
Alternatives Submittal Related to Licensing Renewal for the Peach Bottom Nuclear 
Power Plant Units 2 and 3, July 2001. 

E.2-5 Appendix F, Severe Accident Mitigation Alternatives Analysis Submittal Related to 
Licensing Renewal for the Quad Cities Nuclear Power Plant Units 1 and 2, January 
2003.

E.2-6 Appendix F, Severe Accident Mitigation Alternatives Analysis Submittal Related to 
Licensing Renewal for the Dresden Nuclear Power Plant Units 2 and 3, January 2003. 

E.2-7 Appendix E—Attachment E, Severe Accident Mitigation Alternatives Submittal Related 
to Licensing Renewal for the Arkansas Nuclear One - Unit 2, October 2003.

E.2-8 Cost Estimate for Severe Accident Mitigation Design Alternatives, Limerick Generating 
Station for Philadelphia Electric Company, Bechtel Power Corporation, June 22, 1989.

E.2-9 NUREG-1437, Generic Environmental Impact Statement for License Renewal of 
Nuclear Plants, Volume 1, 5.35, Listing of SAMDAs considered for the Limerick 
Generating Station, U.S. Nuclear Regulatory Commission, May 1996.

E.2-10 NUREG-1437, Generic Environmental Impact Statement for License Renewal of 
Nuclear Plants, Volume 1, 5.36, Listing of SAMDAs considered for the Comanche Peak 
Steam Electric Station, U.S. Nuclear Regulatory Commission, May 1996.

E.2-11 Museler, W.J. (Tennessee Valley Authority) to NRC Document Control Desk, "Watts 
Bar Nuclear Plant (WBN) Units 1 and 2 - Severe Accident Mitigation Design 
Alternatives (SAMDAs)," letter dated October 7, 1994.

E.2-12 Nunn, D.E.  (Tennessee Valley Authority) to NRC Document Control Desk, "Watts Bar 
Nuclear Plant (WBN) Units 1 and 2 - Severe Accident Mitigation Design Alternatives 
(SAMDA) - Response to Request for Additional Information (RAI) - (TAC Nos. M77222 
and M77223)," letter dated October 7, 1994.



                                     James A. FitzPatrick Nuclear Power Plant
Applicant’s Environmental Report

Operating License Renewal Stage

E.2-14

E.2-13 Liparulo, N.J. (Westinghouse Electric Corporation) to NRC Document Control Desk, 
"Submittal of Material Pertinent to the AP600 Design Certification Review," letter dated 
December 15, 1992.

E.2-14 NUREG-0498, Final Environmental Statement Related to the Operation of Watts Bar 
Nuclear Plant, Units 1 and 2, Supplement No. 1, U.S. Nuclear Regulatory Commission, 
April 1995.

E.2-15 NUREG-1560, Individual Plant Examination Program:  Perspectives on Reactor Safety 
and Plant Performance, Volume 2, U.S. Nuclear Regulatory Commission, December 
1997.

E.2-16 NUREG/CR-5474, Assessment of Candidate Accident Management Strategies, U.S. 
Nuclear Regulatory Commission, March 1990.

E.2-17 New York Power Authority, “James A FitzPatrick Nuclear Power Plant Individual Plant 
Examination for Internal Events,” Revision 0, September 1991.

E.2-18 New York Power Authority, “James A FitzPatrick Nuclear Power Plant Individual Plant 
Examination of External Events,” (JAF-RPT-MISC-02211) June 1996.

E.2-19 NUREG/BR-0184, Regulatory Analysis Technical Evaluation Handbook, U.S. Nuclear 
Regulatory Commission, January 1997.



                                                                                 James A. FitzPatrick Nuclear Power Plant
Applicant’s Environmental Report

Operating License Renewal Stage

E.2-15

Table E.2-1
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation

Phase II 
SAMA ID SAMA Title Result of Potential 

Enhancement
CDF 

Reduction

Off-Site 
Dose 

Reduction

Estimated 
Benefit

Upper 
Bound 

Estimated 
Benefit

Estimated 
Cost Conclusion 

Improvements Related to RCP Seal LOCAs (Loss of CCW or SW)

001 8.a. Add a 
service water 
pump.

SAMA would reduce 
the impact of 
common cause 
failures on the SW 
system.

0.91% 1.07% $1,151 $18,416 $5,900,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to common cause failure of ESW pumps to start and to continue to run was 
eliminated to conservatively assess the potential benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was 
estimated to be $5.9 million.  Therefore, this SAMA is not cost effective for JAFNPP.

Improvements Related to Accident Mitigation Containment Phenomena

002 Install an 
independent 
method of 
suppression 
pool cooling.

SAMA would 
decrease the 
probability of loss of 
containment heat 
removal.

7.77% 8.81% $10,097 $161,552 $5,800,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from loss of the torus cooling mode of RHR was eliminated to conservatively assess 
the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $5.8 million.  Therefore, this 
SAMA is not cost effective for JAFNPP.
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003 Install a filtered 
containment 
vent to provide 
fission product 
scrubbing.
Option 1:  
Gravel Bed 
Filter
Option 2:  
Multiple Venturi 
Scrubber

SAMA would provide 
an alternate decay 
heat removal method 
for non-ATWS 
events, with fission 
product scrubbing.

0.00% 3.73% $4,090 $65,440 $1,500,000 Not cost 
effective

Basis for Conclusion:  Successful torus venting accident progression source terms were reduced by a factor of 2 to reflect the 
additional filtered capability.  The cost of implementing this SAMA at Peach Bottom was estimated to be $3 million.   Since Peach 
Bottom is a two-unit site, the cost of implementing this SAMA for one unit is $1.5 million.  Therefore, this SAMA is not cost effective 
for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation

Phase II 
SAMA ID SAMA Title Result of Potential 

Enhancement
CDF 

Reduction

Off-Site 
Dose 

Reduction

Estimated 
Benefit

Upper 
Bound 

Estimated 
Benefit

Estimated 
Cost Conclusion 
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004 Install a 
containment 
vent large 
enough to 
remove ATWS 
decay heat.

Assuming that 
injection is available, 
this SAMA would 
provide alternate 
decay heat removal 
in an ATWS event.

2.55% 8.14% $7,005 $112,080 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from ATWS sequences associated with containment bypass were eliminated to 
assess the benefit of this SAMA.  The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 
million.  Since Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation

Phase II 
SAMA ID SAMA Title Result of Potential 
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Upper 
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005 Create a large 
concrete 
crucible with 
heat removal 
potential under 
the base mat to 
contain molten 
core debris.

SAMA would ensure 
that molten core 
debris escaping from 
the vessel would be 
contained within the 
crucible.  The water 
cooling mechanism 
would cool the 
molten core, 
preventing a melt-
through of the base 
mat.

0.00% 5.03% $3,444 $55,104 >$100 
million

Not cost 
effective

Basis for Conclusion:  Containment failure due to core-concrete interactions (not including liner failures) was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at ANO-2 was estimated to be $100 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

006 Create a water-
cooled rubble 
bed on the 
pedestal.

SAMA would contain 
molten core debris 
dropping on to the 
pedestal and would 
allow the debris to be 
cooled.

0.00% 5.03% $3,444 $55,104 $19 million Not cost 
effective

Basis for Conclusion:  Containment failure due to core-concrete interactions (not including liner failures) was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at ANO-2 was estimated to be $19 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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007 Provide 
modification for 
flooding the 
drywell head.

SAMA would provide 
intentional flooding of 
the upper drywell 
head such that if high 
drywell temperatures 
occurred, the drywell 
head seal would not 
fail.

0.00% 0.00% $0 $0 >$1,000,000 Not cost 
effective

Basis for Conclusion:  Drywell head failures due to high temperature were eliminated to conservatively assess the benefit of this 
SAMA.  The cost of implementing this SAMA was estimated to be greater than $1 million by engineering judgment.  Therefore, this 
SAMA is not cost effective for JAFNPP.

008 Enhance fire 
protection 
system and 
standby gas 
treatment 
system 
hardware and 
procedures.

SAMA would 
improve fission 
product scrubbing in 
severe accidents.

0.00% 0.00% $0 $0 >$2,500,000 Not cost 
effective

Basis for Conclusion:  Failure of the reactor building to contain releases was eliminated to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA was estimated to be greater than $2.5 million by engineering judgment.  
Therefore, this SAMA is not cost effective for JAFNPP.  

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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009 Create a core 
melt source 
reduction 
system.

SAMA would provide 
cooling and 
containment of 
molten core debris.  
Refractory material 
would be placed 
underneath the 
reactor vessel such 
that a molten core 
falling on the material 
would melt and 
combine with the 
material.  
Subsequent 
spreading and heat 
removal from the 
vitrified compound 
would be facilitated, 
and concrete attack 
would not occur.

0.00% 5.03% $3,444 $55,104 >$5,000,000 Not cost 
effective

Basis for Conclusion:  Containment failure due to core-concrete interactions (not including liner failures) was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be greater than $5 million 
by engineering judgment.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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010 Install a passive 
containment 
spray system.

SAMA would 
decrease the 
probability of loss of 
containment heat 
removal.

7.67% 8.71% $9,898 $158,368 $5,800,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from loss of the drywell spray mode of RHR was eliminated to conservatively assess 
the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $5.8 million.  Therefore, this 
SAMA is not cost effective for JAFNPP.

011 Strengthen 
primary and 
secondary 
containment.

SAMA would reduce 
the probability of 
containment over-
pressurization failure.

7.36% 10.15% $7,534 $120,544 $12,000,000 Not cost 
effective

Basis for Conclusion:  Energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities and ABWR was estimated to 
be $12 million.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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012 Increase the 
depth of the 
concrete base 
mat or use an 
alternative 
concrete 
material to 
ensure melt-
through does 
not occur.

SAMA would prevent 
base mat melt-
through.

0.00% 0.28% $107 $1,712 >$5,000,000 Not cost 
effective

Basis for Conclusion:  Containment failure due to base mat melt-through was eliminated to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA was estimated to be greater than $5 million by engineering judgment.  Therefore, 
this SAMA is not cost effective for JAFNPP.

013 Provide a 
reactor vessel 
exterior cooling 
system.

SAMA would provide 
the potential to cool a 
molten core before it 
causes vessel 
failure, if the lower 
head could be 
submerged in water.

0.00% 2.62% $1,722 $27,552 $2,500,000 Not cost 
effective

Basis for Conclusion:  The probability of vessel failure was modified by a factor of 2 to account for potential ex-vessel cooling to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $2.5 
million.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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014 Construct a 
building 
connected to 
primary 
containment 
that is 
maintained at a 
vacuum.

SAMA would provide 
a method to 
depressurize 
containment and 
reduce fission 
product release.

0.00% 0.00% $0 $0 >$1,000,000 Not cost 
effective

Basis for Conclusion:  Failure of the reactor building to contain releases was eliminated to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA was estimated to be greater than $2 million at Peach Bottom.   Since Peach 
Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million. Therefore, this SAMA is not cost 
effective for JAFNPP.  

015 2.g. Add 
dedicated 
suppression 
pool cooling.

SAMA would 
decrease the 
probability of loss of 
containment heat 
removal.

7.77% 8.81% $10,097 $161,552 $5,800,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from loss of the torus cooling mode of RHR was eliminated to conservatively assess 
the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $5.8 million.  Therefore, this 
SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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016 3.a. Create a 
larger volume in 
containment.

SAMA increases 
time before 
containment failure 
and increases time 
for recovery.

7.36% 10.15% $7,534 $120,544 $8,000,000 Not cost 
effective

Basis for Conclusion:  Energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $8 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

017 3.b. Increase 
containment 
pressure 
capability 
(sufficient 
pressure to 
withstand 
severe 
accidents).

SAMA minimizes 
likelihood of large 
releases.

7.36% 10.15% $7,534 $120,544 $12,000,000 Not cost 
effective

Basis for Conclusion:  Energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities and ABWR was estimated to 
be $12 million.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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018 3.c. Install 
improved 
vacuum 
breakers 
(redundant 
valves in each 
line).

This SAMA 
addresses the 
reliability of a 
vacuum breaker to 
reseat following a 
successful opening.

0.02% 7.44% $5,597 $89,552 >$500,000 Not cost 
effective

Basis for Conclusion:  Vacuum breaker failures were eliminated to conservatively assess the benefit of this SAMA.  The cost of 
implementing this SAMA at Peach Bottom was estimated to be greater than $1 million.   Since Peach Bottom is a two-unit site, the 
cost of implementing this SAMA for one unit is greater than $500,000. Therefore, this SAMA is not cost effective for JAFNPP.

019 3.d. Increase 
the temperature 
margin for 
seals.

This SAMA would 
reduce the potential 
for containment 
failure under adverse 
conditions.

0.00% 0.00% $0 $0 $12,000,000 Not cost 
effective

Basis for Conclusion:  Drywell head failure due to high temperature drywell seal failure was eliminated to conservatively assess 
the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities and ABWR was estimated to be $12 million.  
Therefore, this SAMA was not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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020 5.b/c. Install a 
filtered vent.

SAMA would provide 
an alternate decay 
heat removal method 
for non-ATWS 
events, with fission 
product scrubbing.

0.00% 3.73% $4,090 $65,440 $1,500,000 Not cost 
effective

Basis for Conclusion:  Successful torus venting accident progression source terms were reduced by a factor of 2 to reflect the 
additional filtered capability.  The cost of implementing this SAMA at Peach Bottom was estimated to be $3 million.  Since Peach 
Bottom is a two-unit site, the cost of implementing this SAMA for one unit is $1.5 million. Therefore, this SAMA is not cost effective 
for JAFNPP.

021 7. a. Provide a 
method of 
drywell head 
flooding.

SAMA would provide 
intentional flooding of 
the upper drywell 
head such that if high 
drywell temperatures 
occurred, the drywell 
head seal would not 
fail.

0.00% 0.00% $0 $0 >$1,000,000 Not cost 
effective

Basis for Conclusion:  Drywell head failures due to high temperature drywell seal failure were eliminated to conservatively assess 
the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be greater than $1 million by engineering 
judgment.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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022 13. a. Use 
alternate 
method of 
reactor building 
spray.

This SAMA provides 
the capability to use 
firewater sprays in 
the reactor building 
to mitigate release of 
fission products into 
the reactor building 
following an 
accident.

0.00% 0.00% $0 $0 >$2,500,000 Not cost 
effective

Basis for Conclusion:  Failure of the reactor building to contain releases was eliminated to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA was estimated to be greater than $2.5 million by engineering judgment.  
Therefore, this SAMA is not cost effective for JAFNPP.  

023 14.a. Provide a 
means of 
flooding the 
rubble bed.

SAMA would allow 
the debris to be 
cooled.

0.00% 1.22% $861 $13,776 $2,500,000 Not cost 
effective

Basis for Conclusion:  The probabilities of wet core concrete interactions were substituted for dry core concrete interactions to 
assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $2.5 million.  Therefore, 
this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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024 14.b. Install a 
reactor cavity 
flooding 
system. 

SAMA would 
enhance debris 
coolability, reduce 
core concrete 
interaction, and 
provide fission 
product scrubbing.

0.00% 5.03% $3,444 $55,104 $8,750,000 Not cost 
effective

Basis for Conclusion:  Containment failure due to core-concrete interactions (not including liner failures) was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at ANO-2 was estimated to be $8.75 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

025 Add ribbing to 
the 
containment 
shell.

This SAMA would 
reduce the chance of 
buckling of 
containment under 
reverse pressure 
loading.

0.00% 10.15% $7,534 $120,544 $12,000,000 Not cost 
effective

Basis for Conclusion:  Energetic containment failure modes (DCH, steam explosion, late over-pressurization) were eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities and ABWR was estimated to 
be $12 million.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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Improvements Related to Enhanced AC/DC Power Reliability/Availability

026 Provide 
additional DC 
battery 
capacity.

SAMA would ensure 
longer battery 
capability during an 
SBO, which would 
extend HPCI/RCIC 
operability and allow 
more time for AC 
power recovery.  

39.0% 43.74% $52,365 $837,840 $500,000 Retain

Basis for Conclusion:  The time available to recover offsite power before HPCI and RCIC are lost was changed from 7 hours to 24 
hours during SBO scenarios to conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was 
estimated to be $500,000 by engineering judgment.  

027 Use fuel cells 
instead of lead-
acid batteries.

SAMA would extend 
DC power availability 
in an SBO, which 
would extend HPCI/
RCIC operability and 
allow more time for 
AC power recovery.

39.0% 43.74% $52,365 $837,840 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The time available to recover offsite power before HPCI and RCIC are lost was changed from 7 hours to 24 
hours during SBO scenarios to conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Peach 
Bottom was estimated to be greater than $2 million.  Since Peach Bottom is a two-unit site, the cost of implementing this SAMA for 
one unit is greater than $1 million.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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028 Incorporate an 
alternate 
battery 
charging 
capability.

SAMA would 
improve DC power 
reliability by either 
cross-tying the AC 
buses or installing a 
portable diesel-
driven battery 
charger.

3.49% 0.39% $2,113 $33,808 $90,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to loss of DC battery chargers 71BC-1A and 71BC-1B was eliminated to assess 
the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $90,000 by engineering judgment.  Therefore, 
this SAMA is not cost effective for JAFNPP.

029 Install a 
modification 
improving DC 
bus reliability.

SAMA would 
increase reliability of 
AC power and 
injection capability.

1.46% 1.20% $1,135 $18,160 $500,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to loss of DC battery control board BCB-2A initiator was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $500,000 by engineering 
judgment.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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030 2.i. Provide 16 
hour SBO 
injection.

SAMA includes 
improved capability 
to cope with longer 
SBO scenarios.

39.0% 43.74% $52,365 $837,840 $500,000 Retain

Basis for Conclusion:  The time available to recover offsite power before HPCI and RCIC are lost was changed from 7 hours to 24 
hours during SBO scenarios to conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was 
estimated to be $500,000 by engineering judgment.  

031 9.b. Provide an 
alternate pump 
power source.

This SAMA would 
provide a small, 
dedicated power 
source such as a 
dedicated diesel or 
gas turbine for the 
feedwater or 
condensate pumps 
so that they do not 
rely on offsite power.

0.78% 0.67% $828 $13,248 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to failure of the normal power supply to condensate pumps was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Peach Bottom was estimated to be greater 
than $2 million. Since Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
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032 10.a. Add a 
dedicated DC 
power supply.

This SAMA 
addresses the use of 
a diverse DC power 
system such as an 
additional battery or 
fuel cell for the 
purpose of providing 
motive power to 
certain components 
(e.g., RCIC).

1.46% 1.20% $1,135 $18,160 $3,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to loss of DC battery control board BCB-2A initiator was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $3 million.  
Therefore, this SAMA is not cost effective for JAFNPP.  

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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033 10.b. Install 
additional 
batteries or 
divisions.

This SAMA 
addresses the use of 
a diverse DC power 
system such as an 
additional battery or 
fuel cell for the 
purpose of providing 
motive power to 
certain components 
(e.g., RCIC).

1.46% 1.20% $1,135 $18,160 $3,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to loss of DC battery control board BCB-2A initiator was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Quad Cities was estimated to be $3 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

034 10.c. Install fuel 
cells.

SAMA would extend 
DC power availability 
in an SBO, which 
would extend HPCI/
RCIC operability and 
allow more time for 
AC power recovery.

39.0% 43.74% $52,365 $837,840 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The time available to recover offsite power before HPCI and RCIC are lost was changed from 7 hours to 24 
hours during SBO scenarios to conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA at Peach 
Bottom was estimated to be greater than $2 million.  Since Peach Bottom is a two-unit site, the cost of implementing this SAMA for 
one unit is greater than $1 million.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
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035 10.d. Install DC 
bus cross-ties.

This SAMA would 
improve DC power 
reliability.

1.46% 1.20% $1,135 $18,160 $300,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to loss of DC battery control board BCB-2A initiator was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $300,000 by engineering 
judgment.  Therefore, this SAMA is not cost effective for JAFNPP.

036 10.e. Extended 
SBO 
provisions.

SAMA would extend 
DC power availability 
in an SBO, which 
would extend HPCI/
RCIC operability and 
allow more time for 
AC power recovery.

39.0% 43.74% $52,365 $837,840 $500,000 Retain

Basis for Conclusion:  The time available to recover offsite power before HPCI and RCIC are lost was changed from 7 hours to 24 
hours during SBO scenarios to conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was 
estimated to be $500,000 by engineering judgment.  

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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Improvements in Identifying and Mitigating Containment Bypass

037 Locate residual 
heat removal 
(RHR) inside 
containment.

SAMA would prevent 
intersystem LOCA 
(ISLOCA) outside 
containment.

0.78% 0.67% $828 $13,248 >$500,000 Not cost 
effective

Basis for Conclusion:  RHR ISLOCA accident sequences were eliminated to conservatively assess the benefit of this SAMA.  The 
cost of implementing this SAMA at Quad Cities was estimated to be greater than $500,000.  Therefore, this SAMA is not cost 
effective for JAFNPP.

038 Increase 
frequency of 
valve leak 
testing.

SAMA could reduce 
ISLOCA frequency.

0.93% 2.09% $1,797 $28,752 $100,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to ISLOCA was eliminated to conservatively assess the benefit of this SAMA.  
The cost of implementing this SAMA was estimated to be $100,00 by engineering judgment.  Therefore, this SAMA is not cost 
effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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039 8.e. Improve 
MSIV design.

This SAMA would 
decrease the 
likelihood of 
containment bypass 
scenarios.

0.20% 7.44% $5,597 $89,552 >$1,000,000 Not cost 
effective

Basis for Conclusion:    Containment bypass failure due to MSIV leakage was eliminated to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million.  Since Peach 
Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  Therefore, this SAMA is not 
cost effective for JAFNPP.

Improvements Related to Feedwater/Feed and Bleed Reliability/Availability

040 Install a digital 
feed water 
upgrade.

This SAMA would 
reduce the chance of 
a loss of main feed 
water following a 
plant trip.

0.78% 0.67% $828 $13,248 $1,500,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to the loss of feedwater initiator was eliminated to conservatively assess the 
benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $1.5 million by engineering judgment.  Therefore, 
this SAMA is not cost effective for JAFNPP.  

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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041 Create ability 
for emergency 
connections of 
existing or 
alternate water 
sources to 
feedwater/ 
condensate.

This SAMA would 
provide a backup 
water supply for the 
feedwater/
condensate systems.

0.78% 0.67% $828 $13,248 $170,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to the failure of alternate injection from feedwater /condensate was eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $170,000 by engineering 
judgment.  Therefore, this SAMA is not cost effective for JAFNPP.  

042 Install an 
independent 
diesel for the 
CST makeup 
pumps.

SAMA would allow 
continued inventory 
in CST during a 
SBO.

1.78% 0.24% $597 $9,552 $135,000 Not cost 
effective

Basis for Conclusion:  As currently modeled, if CST water level is low, swapping HPCI/RCIC suction from the CST to the torus 
allows continued HPCI/RCIC injection.  Therefore, the failure to switchover from CST to torus was eliminated to conservatively 
assess the benefit of this SAMA on CDF.  The cost of implementing this SAMA was estimated to be $135,000 by engineering 
judgment.  Therefore, this SAMA was not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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043 Install motor-
driven feed 
water pump.

SAMA would 
increase the 
availability of 
injection subsequent 
to MSIV closure.

0.18% 0.00% $0 $0 $1,650,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to the failure of feedwater turbine driven pumps was eliminated to conservatively 
assess the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $1.65 million by engineering judgment.  
Therefore, this SAMA is not cost effective for JAFNPP.  

Improvements Related to Core Cooling System

044 Provide an 
additional high 
pressure 
injection pump 
with 
independent 
diesel.

SAMA would reduce 
frequency of core 
melt from small 
LOCA and SBO 
sequences.

3.44% 0.54% $2,113 $33,808 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the 
benefit of this SAMA.  The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million.   Since 
Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  Therefore, this SAMA is 
not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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045 Install 
independent 
AC high 
pressure 
injection 
system.

SAMA would allow 
makeup capabilities 
during transients, 
small LOCA and 
SBO.

3.44% 0.54% $2,113 $33,808 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the 
benefit of this SAMA.  The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million.  Since 
Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  Therefore, this SAMA is 
not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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046 2. a. Install a 
passive high 
pressure 
system.

SAMA would 
improve prevention 
of core melt 
sequences by 
providing additional 
high pressure 
capability to remove 
decay heat through 
an isolation 
condenser type 
system.

3.44% 0.54% $2,113 $33,808 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the 
benefit of this SAMA.  The cost of implementing this SAMA was estimated to be greater than $2 million at Peach Bottom. Since 
Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  Therefore, this SAMA is 
not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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047 2. d. Improved 
high pressure 
systems.

SAMA will improve 
prevention of core 
melt sequences by 
improving reliability 
of high pressure 
capability to remove 
decay heat.

2.43% 0.41% $1,516 $24,256 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from reducing the HPCI system failure probability by a factor of 3 was estimated to 
bound the potential impact of this SAMA.  The cost of implementing this SAMA was estimated to be greater than $2 million at Peach 
Bottom.  Since Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  
Therefore, this SAMA is not cost effective for JAFNPP.

048 2. e. Install an 
additional 
active high 
pressure 
system.

SAMA will improve 
reliability of high-
pressure decay heat 
removal by adding an 
additional system.

3.44% 0.54% $2,113 $33,808 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the 
benefit of this SAMA.  The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million.  Since 
Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  Therefore, this SAMA is 
not cost effective for JAFNPP.

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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049 8.c. Add a 
diverse 
injection 
system.

SAMA will improve 
prevention of core 
melt sequences by 
providing additional 
injection capabilities.

3.44% 0.54% $2,113 $33,808 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to failure of the HPCI system was eliminated to conservatively assess the 
benefit of this SAMA.  The cost of implementing this SAMA at Peach Bottom was estimated to be greater than $2 million.  Since 
Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 million.  Therefore, this SAMA is 
not cost effective for JAFNPP.

Improvements Related to Instrument Air and Nitrogen Supply

050 Modify EOPs 
for ability to 
align diesel 
power to more 
air 
compressors.

For plants, which do 
not have diesel 
power to all normal 
and backup air 
compressors, this 
change allows 
increased reliability 
of instrument air after 
a LOSP.

0.12% 0.00% $0 $0 $1,200,000 Not cost 
effective

Basis for Conclusion:  The probability of failure of the normal electrical power supply to air compressors was reduced by a factor 
of ten to conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $1.20 million by 
engineering judgment.  Therefore, this SAMA is not cost effective for JAFNPP.  

Table E.2-1 (Continued)
Summary of Phase II SAMA Candidates Considered in Cost-Benefit Evaluation
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Improvements Related to ATWS Mitigation

051 Increase safety 
relief valve 
(SRV) reseat 
reliability.

SAMA addresses the 
risk associated with 
dilution of boron 
caused by the failure 
of the SRVs to reseat 
after standby liquid 
control (SLC) 
injection.

3.67% 3.92% $4,572 $73,152 $2,200,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to stuck open relief valves was eliminated to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA was estimated to be $2.2 million at JAFNPP.  Therefore, this SAMA is not cost 
effective for JAFNPP.  

052 11. a. Install an 
ATWS sized 
vent.

This SAMA would 
provide the ability to 
remove reactor heat 
from ATWS events.

2.55% 8.14% $7,005 $112,080 >$1,000,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from ATWS sequences associated with containment bypass were eliminated to 
conservatively assess the benefit of this SAMA.  The cost of implementing of this SAMA at Peach Bottom was estimated to be 
greater than $2 million. Since Peach Bottom is a two-unit site, the cost of implementing this SAMA for one unit is greater than $1 
million.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
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053 Diversify 
explosive valve 
operation.

An alternate means 
of opening a pathway 
to the RPV for SLC 
system injection 
would improve the 
success probability 
for reactor shutdown.

0.03% 0.00% $0 $0 >$200,000 Not cost 
effective

Basis for Conclusion:  Common cause failure of SLC explosive valves was eliminated to conservatively assess the benefit of this 
SAMA.  The cost of implementing this SAMA was estimated to be greater than $200,000 by engineering judgment.  Therefore, this 
SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
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Other Improvements

054 4. d. Implement 
passive 
overpressure 
relief. 

This SAMA will 
prevent catastrophic 
failure of the 
containment by 
controlled relief 
through a selected 
vent path, which has 
a greater potential for 
reducing the release 
of radioactive 
material than through 
a random break.

2.05% 2.43% $2,609 $41,744 >$500,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from accident sequences in which containment venting is successful was reduced by 
a factor of 2 to reflect the additional pressure relief capability.  The cost of implementing this SAMA was estimated to be greater 
than $500,000 by engineering judgment.  Therefore, this SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
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055 Change CRD 
flow control 
valve failure 
position.

SAMA would change 
control valve failure 
position to the "fail-
safest" position for 
crediting CRD 
injection during loss 
of instrument air 
event.

0.09% 0.00% $0 $0 >$140,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from loss of CRD reactor vessel injection was eliminated to conservatively assess 
the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be greater than $140,000 by engineering 
judgment.  Therefore, this SAMA is not cost effective for JAFNPP.  

056 Provide digital 
large break 
LOCA 
protection.

Upgrade plant 
instrumentation and 
logic to improve the 
capability to identify 
symptoms/
precursors of a large 
break LOCA (a leak 
before break).

0.06% 0.00% $0 $0 >$100,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to large break LOCA was eliminated to conservatively assess the benefit of this 
SAMA.  The cost of implementing this SAMA was estimated to be greater than $100,000 by engineering judgment.  Therefore, this 
SAMA is not cost effective for JAFNPP.

Table E.2-1 (Continued)
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Improvements Related to Internal Event Model (IPE, IPE Update, EPU) Insights

057 Control 
containment 
venting within a 
narrow band of 
pressure.

This SAMA would 
establish a narrow 
pressure control 
band to prevent rapid 
containment 
depressurization 
when venting is 
implemented thus 
avoiding adverse 
impact on the low 
pressure ECCS 
injection systems 
taking suction from 
the torus.

13.84% 15.94% $18,447 $295,152 $400,000 Not cost 
effective

Basis for Conclusion:  The probability of the operator failing to recognize the need to vent the torus was reduced by a factor of 3 
to conservatively assess the benefit of this SAMA on CDF.  The cost of implementing this SAMA was estimated to be $400,000 by 
engineering judgment.  Therefore, this SAMA is not cost effective for JAFNPP.  

Table E.2-1 (Continued)
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058 Provide a tap 
from the fire 
protection 
system to RHR 
heat exchanger 
“B” via RHRSW 
header B.

This SAMA would 
provide firewater to 
RHR heat exchanger 
“B” for heat removal 
during a loss of 
containment heat 
removal sequence.

0.39% 0.51% $522 $8,352 $150,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from failure of the cross-tie from the fire protection system to RHR heat exchanger 
“A” via RHRSW loop A was eliminated to conservatively assess the benefit of this SAMA.  The cost of implementing this SAMA was 
estimated to be $150,000 by engineering judgment.  Therefore, this SAMA is not cost effective for JAFNPP.  

059 Provide a 
cross-tie 
between 
RHRSW trains 
downstream of 
the RHRSW 
pump 
discharge 
valves.

This SAMA would 
improve injection and 
containment heat 
removal capabilities.

10.52% 12.13% $14,073 $225,168 $400,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution from failure of RHRSW loop B was eliminated to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA was estimated to be $400,000 by engineering judgment.  Therefore, this SAMA is 
not cost effective for JAFNPP.  

Table E.2-1 (Continued)
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060 Improve turbine 
bypass valve 
capability.

This SAMA would 
improve the 
availability of the 
turbine bypass valve 
to reduce the 
transient core 
damage frequency.  

9.97% 7.23% $10,430 $166,880 $745,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to loss of PCS initiator was eliminated to assess the benefit of this SAMA.  The 
cost of implementing this SAMA was estimated to be $745,000 by engineering judgment.  Therefore, this SAMA is not cost effective 
for JAFNPP.

061 Develop a 
procedure to 
use a portable 
power supply 
for battery 
chargers.

This SAMA would 
improve the 
availability of the DC 
power system.

3.49% 0.39% $2,113 $33,808 $10,000 Retain

Basis for Conclusion:  The CDF contribution due to loss of DC battery chargers 71BC-1A and 71BC-1B was eliminated to assess 
the benefit of this SAMA.  The cost of implementing this SAMA was estimated to be $10,000 by engineering judgment.  
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062 Develop a 
procedure to 
open the doors 
of the EDG 
buildings upon 
receipt of a high 
temperature 
alarm.

This SAMA would 
improve the reliability 
of the EDGs 
following high 
temperatures in the 
EDG buildings.

21.15% 24.28% $28,975 $463,600 $10,000 Retain

Basis for Conclusion:  The probability of EDG run failures was reduced by a factor of three to conservatively assess the benefit of 
this SAMA.  The cost of implementing this SAMA was estimated to be $10,000 by engineering judgment.  

063 Provide 
additional 
reactor vessel 
monitoring and 
actuation 
system.

This SAMA would 
improve the 
availability of the 
reactor vessel 
instrumentation 
system during the 
loss of the instrument 
reference leg. 

1.51% 1.53% $1,764 $28,224 $1,200,000 Not cost 
effective

Basis for Conclusion:  The CDF contribution due to loss of reactor water level referenced leg was eliminated to assess the benefit 
of this SAMA.  The cost of implementing this SAMA was estimated to be $1.2 million by engineering judgment.  Therefore, this 
SAMA is not cost effective for JAFNPP.
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Table E.2-2
Sensitivity Analysis Results

Phase 
II 

SAMA 
ID

SAMA Title 

Base Line
Estimated 

Cost

Sensitivity Case 1 Sensitivity Case 2

Estimated 
Benefit 

Upper Bound 
Estimate 
Benefit

Estimated 
Benefit

Upper Bound 
Estimate 
Benefit

Estimated 
Benefit

Upper Bound 
Estimate 
Benefit 

1 Add a service water 
pump.

$1,151 $18,416 $5,900,000 $1,400 $22,400 $1,501 $24,016

2 Install an independent 
method of suppression 
pool cooling.

$10,097 $161,552 $5,800,000 $12,427 $198,832 $12,974 $207,584

3 Install a filtered 
containment vent to 
provide fission product 
scrubbing.
Option 1:  Gravel Bed 
Filter
Option 2:  Multiple 
Venturi Scrubber

$4,090 $65,440 $1,500,000 $4,664 $74,624 $5,716 $91,456

4 Install a containment 
vent large enough to 
remove ATWS decay 
heat. 

$7,005 $112,080 >$1,000,000 $8,250 $132,000 $9,465 $151,440
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5 Create a large concrete 
crucible with heat 
removal potential under 
the basemat to contain 
molten core debris.

$3,444 $55,104 >$100 million $3,928 $62,848 $4,813 $77,008

6 Create a water-cooled 
rubble bed on the 
pedestal.

$3,444 $55,104 $19,000,000 $3,928 $62,848 $4,813 $77,008

7 Provide modification for 
flooding the drywell 
head

$0 $0 >$1,000,000 $0 $0 $0 $0

8 Enhance fire protection 
system and/or standby 
gas treatment system 
hardware and 
procedures.

$0 $0 >$2,500,000 $0 $0 $0 $0

9 Create a core melt 
source reduction 
system.

$3,444 $55,104 >$5,000,000 $3,928 $62,848 $4,813 $77,008

Table E.2-2 (Continued)
Sensitivity Analysis Results
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10 Install a passive 
containment spray 
system.

$9,898 $158,368 $5,800,000 $12,157 $194,512 $12,750 $204,000

11 Strengthen primary/
secondary containment.

$7,534 $120,544 $12,000,000 $8,592 $137,472 $10,528 $168,448

12 Increase the depth of 
the concrete basemat or 
use an alternative 
concrete material to 
ensure melt-through 
does not occur

$107 $1,712 >$5,000,000 $123 $1,968 $151 $2,416

13 Provide a reactor vessel 
exterior cooling system 
(see #7)

$1,722 $27,552 $2,500,000 $1,964 $31,424 $2,407 $38,512

14 Construct a building to 
be connected to 
primary/secondary 
containment that is 
maintained at a vacuum

$0 $0 >$2,000,000 $0 $0 $0 $0
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15 2.g. Dedicated 
Suppression Pool 
Cooling

$10,097 $161,552 $5,800,000 $12,427 $198,832 $12,974 $207,584 

16 3.a. Create a larger 
volume in containment.

$7,534 $120,544 $8,000,000 $8,592 $137,472 $10,528 $168,448

17 3.b. Increase 
containment pressure 
capability (sufficient 
pressure to withstand 
severe accidents).

$7,534 $120,544 $12,000,000 $8,592 $137,472 $10,528 $168,448

18 3.c. Install improved 
vacuum breakers 
(redundant valves in 
each line).

$5,597 $89,552 >$500,000 $6,382 $102,112 $7,821 $125,136 

19 3.d. Increase the 
temperature margin for 
seals.

$0 $0 $12,000,000 $0 $0 $0 $0

20 5.b/c. Install a filtered 
vent

$4,090 $65,440 $1,500,000 $4,664 $74,624 $5,716 $91,456
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21 7.a. Provide a method 
of drywell head flooding.

$0 $0 >$1,000,000 $0 $0 $0 $0

22 13.a. Use alternate 
method of reactor 
building spray.

$0 $0 >$2,500,000 $0 $0 $0 $0

23 14.a. Provide a means 
of flooding the rubble 
bed.

$861 $13,776 $2,500,000 $982 $15,712 $1,204 $19,264 

24 14.b. Install a reactor 
cavity flooding system.

$3,444 $55,104 $8,750,000 $3,928 $62,848 $4,813 $77,008

25 Add ribbing to the 
containment shell.

$7,534 $120,544 $12,000,000 $8,592 $137,472 $10,528 $168,448

26 Provide additional DC 
battery capacity.

$52,365 $837,840 $500,000 $64,321 $1,029,136 $67,436 $1,078,976

27 Use fuel cells instead of 
lead-acid batteries.

$52,365 $837,840 >$1,000,000 $64,321 $1,029,136 $67,436 $1,078,976

28 Incorporate an alternate 
battery charging 
capability

$2,113 $33,808 $90,000 $2,801 $44,816 $2,467 $39,472 
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29 Modification for 
Improving DC Bus 
Reliability

$1,135 $18,160 $500,000 $1,425  $22,800 $1,424 $22,784

30 2.i. Provide 16 hour 
SBO injection.

$52,365  $837,840 $500,000 $64,321 $1,029,136 $67,436 $1,078,976

31 9.b. Provide an 
alternate pump power 
source.

$828 $13,248 >$1,000,000 $1,032 $16,512 $1,050 $16,800

32 10.a. Add a dedicated 
DC power supply.

$1,135 $18,160 $3,000,000 $1,425 $22,800 $1,424 $22,784

33 10.b. Install additional 
batteries or divisions.

$1,135 $18,160 $3,000,000 $1,425 $22,800 $1,424 $22,784

34 10.c. Install fuel cells. $52,365 $837,840 >$1,000,000 $64,321 $1,029,136 $67,436 $1,078,976

35 10.d. DC Cross-Ties $1,135 $18,160 $300,000 $1,425 $22,800 $1,424 $22,784

36 10.e. Extended SBO 
provisions.

$52,365 $837,840 $500,000 $64,321 $1,029,136 $67,436 $1,078,976

37 Locate residual heat 
removal (RHR) inside 
containment.

$828 $13,248 >$500,000 $1,032 $16,512 $1,050 $16,800
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38 Increase frequency of 
valve leak testing.

$1,797 $28,752 $100,000 $2,136 $34,176 $2,403 $38,448

39 8.e. Improve MSIV 
design.

$5,597 $89,552 >$1,000,000 $6,382 $102,112 $7,821 $125,136

40 Install a digital feed 
water upgrade

$828 $13,248 $1,500,000 $1,032 $16,512 $1,050 $16,800

41 Create ability for 
emergency connections 
of existing or alternate 
water sources to 
feedwater.

$828 $13,248 $170,000 $1,032 $16,512 $1,050 $16,800

42 Install an independent 
diesel for the CST 
makeup pumps.

$597 $9,552 $135,000 $811 $12,976 $672 $10,752

43 Install motor-driven feed 
water pump.

$0 $0 $1,650,000 $0 $0 $0 $0

44 Provide an additional 
high pressure injection 
pump with independent 
diesel.

$2,113 $33,808 >$1,000,000 $2,801 $44,816 $2,467 $39,472
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45 Install independent AC 
high pressure injection 
system.

$2,113 $33,808 >$1,000,000 $2,801 $44,816 $2,467 $39,472

46 2.a. Install a passive 
high pressure system.

$2,113 $33,808 >$1,000,000 $2,801 $44,816 $2,467 $39,472

47 2.d. Improved high 
pressure systems

$1,516 $24,256 >$1,000,000 $1,990 $31,840 $1,795 $28,720

48 2.e. Install an additional 
active high pressure 
system.

$2,113 $33,808 >$1,000,000 $2,801 $44,816 $2,467 $39,472

49 8.c. Add a diverse 
injection system.

$2,113 $33,808 >$1,000,000 $2,801 $44,816 $2,467 $39,472

50 Modify EOPs for ability 
to align diesel power to 
more air compressors.

$0 $0 $1,200,000 $0 $0 $0 $0

51 Increase safety relief 
valve (SRV) reseat 
reliability.

$4,572 $73,152 $2,200,000 $5,649 $90,384 $5,849 $93,584
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52 11.a. Install an ATWS 
sized vent.

$7,005 $112,080 >$1,000,000 $8,250 $132,000 $9,465 $151,440

53 Diversify explosive 
valve operation.

$0 $0 >$200,000 $0 $0 $0 $0

54 4.d. Passive 
Overpressure Relief

$2,609 $41,744 >$500,000 $3,193 $51,088 $9,347 $149,552

55 Change CRD flow 
control valve failure 
position.

$0 $0 >$140,000 $0 $0 $0 $0

56 Provide digital large 
break LOCA protection.

$0 $0 >$100,000 $0 $0 $0 $0

57 Control containment 
venting within a narrow 
band of pressure

$18,447 $295,152 $400,000 $22,644 $362,304 $23,775 $380,400

58 Provide a tap from the 
fire protection system to 
RHR heat exchanger 
“B” via RHRSW header 
B

$522 $8,352 $150,000 $639 $10,224 $676 $10,816
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59 Provide a cross-tie 
between RHRSW trains 
downstream of the 
RHRSW pump 
discharge valves.

$14,073 $225,168 $400,000 $17,265 $276,240 $18,150 $290,400

60 Improve turbine bypass 
valve capability.

$10,430 $166,880 $745,000 $13,067 $209,072 $13,114 $209,824

61 Develop a procedure to 
use a portable supply 
power for battery 
chargers.

$2,113 $33,808 $10,000 $2,801 $44,816 $2,467 $39,472

62 Develop a procedure to 
open the door EDG 
buildings upon the high 
temperature alarm.

$28,975 $463,600 $10,000 $35,562 $568,992 $37,349 $597,584

63 Provide additional 
reactor vessel 
monitoring and 
actuation system.

$1,764 $28,224 $1,200,000 $2,186 $34,976 $2,250 $36,000
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